VERS 

RARY 


OU 170853 


00 ^ 
73 < 

> m 

73 73 




OSMANfA UN!VLKK1TV MKUAKY 






ARCH/EOLOGICAL SURVEY 


OK INDIA 


Nl‘\\ Impen.il Sv'u‘s \\>i. \LflI 


I ’arts I X II 

/ 


r 


Tl IK 

BAKHSH AU M A N l J SC : R IP'I 

/ Stii.h f in i -‘"V • // /.'G ///. / / 


\y. 


\ \ 



CAEGiniA (ioVia.'WI I \ r n| I N I) 1 \ 
('EXTRA I, !TIIIJi'U|ii\ ITWHI 

e»j: 


Price Ks 2 <H m 4 ^s ()d 



Government of India Publications are obtainable from the Government of 
India Central Publication Branch, 3, Government Place, West, 
Calcutta, and from the following Agents 

EUROPE. 

OFFICE OF T1IE HIGH COMMISSIONER FOll INDIA, 

42, Guosvknor Gardens, London, S. W. 1. 

And at all Booksellers, 

INDIA AND CEYLON. 

Provincial Book Depots : 

M \ i > ] ? \ h ( )jfiee o! the Super mtendent, Government Press, Mount Hoad, Madras. 

Bombay -Superintendent, Government Book Depot, Town Ilall, Bombay. 

( s,m, . — Li l»ra i \ attached to the Olhee ol the Commissioner in Sind, Karachi. 

Bi.mjw, Ollico <»t the Bengal Secretariat Book Depot, Writers’ Buildings, Room No. 1, Ground 
Kloor, Calcutta. 

I Min> Pum im'es oi Aon \ vm) Ounii Office of the Supei lntemlont of Government Press, Unitod 
Provinces of Agra and Oudh, Allahabad. 

P u n , \ a Ollier ot the Superintendent, Government Printing, Punjab, Lahore. 

IteuMv Olhee ot the Supei mtendent , Go\ et imient Printing, Burma, Rangoon. 

( i mk\i. Pikimmis \ n i > Bntvit - Superintendent, Government Punting, Central Provinces, Nagpur. 
\ss\m Oilin' ol the Superintendent. Warn Secietan.it Piess, Shillong 

B, mv ,{ vm, Oiu.snv Olhee ol the Supeunteiident, Government Printing, Biliai and Orissa, 1\ 0. 
Gulzarhag, Patna. 

( oolu. Olliee ol the Chiet ( ’oinnii'- -mmer ot Coorg. Bangalore. 

N on i ii -\\ i s r 1'irovm it Phuvinu - OHice of the Manager, Government Printing and Stationery, 
Peshawar. 


'I hn< tei , Spink A ( <> . Ca h u l Li and Simla. 
v\ . Newman A Co., Ltd., Calcutta. 

K. C.unhray A Co., Calcutta, 
v lv. La In 1 1 A Co., Calcutta, 
lire Indian Sh bool ,Si|ppI\ Depot, dll!). Bow 
Raz.u Street, Calcutta, and 22b, Nawabpur, 
Daec.l 

But t ei \v ort Ii A Co. (India). Ltd., Calcutta. 

R.u M. (!. Saiear Bahadur A Sons, B0/2A, 
I Li r r i a m Hoad, l ’alciit la. 

Mand.ud Liteialure Company, Limited, 
( 'al< ill t a 

A - a u ia t ir n Pi ess. Calm 1 1 a. 

( 'll u k< I \ ei I t \ ( ’I i a 1 1 ei 1 *'«' A Co Ltd , Id. 

( i »l |r" e s<|iiai e. ( ‘ah lit ta 
the Book CompiiiiN , Cah utta. 

,1 i m. - M or i a\ A ( n I < "»\ n Una u t PI k «■ 
Cal, utla. (Pm Meleoiologn al Publications 
on I \ i 

l! i\ ( haiidhurv A Co , m >, V-ailodi Mukheiji 
Id* id t a l( ot 1 a 

I'lw i }[ M nl a I PnUe lung Home d I, Cornu alio 
si it i i ( a l» n 1 1 a 

It C Itaaik, Ks<|., Pi oprietor, Albert Library, 
Dai . a . 

Mni i 1 1 1 . 1 1 h i • i . I L i o h a 1 1 1 
Mi iti 1 n * t ! i i in M ad i i - 

P. H H mia I \ e i A Co., Madras. 

littii «• a in l Snie M .nil a- 
(I V Nateson A Co , Publishers, George Town, 
Madia. 

| 1,< In, al Publidimg lloioe. \d\ a i . Madias. 
Itr i " hi A t',» I'mn. indium 

T h r H,),.kl.,\rrC R< ,.u f 1 a dv.nl Trivandrum 
South India. 

| M ( .npalaki i-lma K«»ne Pndumandapam. 
Madma 

Yijap’ii A ( *o , \' i/aga pa ta in. 

’I Inn kt r A Co. , Ltd , Bomba \ . 

I ) B I ' 1 1 .i p«»i ev a la , Sons A" Co.. Boinhav . 

Snink i Pa i id u t a ng, Boinha v . 

l! in l k i Mill . » ( • i > \ 1 1 n I A Soli> KaPnidevi 

Ik ,d Ik.mk »v 

N M Trip .tin A ( \> , Booksellers, Pmieess 
Stiei'i, Kalh.uk'Vi Hoad, Bomhav . 

Pi . ipi n toi \, w Kki 1 ,k ha n.t Poona 
I lie M i n a 1 t i < h It i t a I Hook S' 11 ] > { • I \ 1 11 g \ ec in V 
I \ Slink i a u ar , Poona Cit v . 
v S ( Jondha leka As Hook Depot, Publisher and 
Ht»t'k •'id ka , Rudhwar Chavvk, Poona Citv. 

Minarin" I > 1 * * *« t < » 1 ( ‘n-cpei a t 1 \ r I i* o » k - 1 a 1 1 . 

lh»ok‘ eller - and Piihljshoi s, Poona City. 

Hun i Kiishna H t • » . opposite \ islu ainhag. 
I ’< Oil I Cl ! v 

Mangaldas A Sons, Booksellers nud Publishers 
Rli.iga Tulnn, Surat. 


Ails Radhabai Atmaram Sagoon, Kalbadevi 
Hoad, Bombay. 

A II. Wheeler & Co., Allahabad, Calcutta and 
Bombay. 

H. B. ( madikai A Co., dhe Bhai.it Book Depot, 
Dharwar. 

Tlie Standard Bookstall, Karachi, Quetta, Ibdhi, 
Murreo and Rawalpindi. 

'The Kai aelii Book Depot, I’d ph iiistone Stioct, 
’('amp, Kaiaeln. 

The Standard Bookstall, Quetta 

C P Malhotia A Co , Quetta 

,1 . Hav A- Sons, lb. k A L Kduardes Road. 
Haw alpi ml i a ml M nr » ce 

d he Standard Hook Depot, Lahore, Lucknow, 
Vmiital, Miusoone, Dalbousio, Amhala 
Cantonineiil and Delhi 

N. B. Matluir, Supdt., Nazir Kaiiim Hind 
Press, Allahabad. 

The Xoith India Christian Tiact and Book 
Society, 1^, Olive Hoad. Ulahabad. 

Ham Daval Agarwala, Katia, Allahabad. 

Manager, New a I Kislmre Press, Lucknow. 

Ihe l pper India Publishing House, Ltd., 41, 
Ammahad Park, Lucknow. 

Hai Sahib Al. Gulab Singh A: Sons, Mufid-i-Am 
Press, Lahore and Allahabad. 

Hama Krishna A" Sons, Booksellers, Annrkali, 
Lalioie. 

Pm i Brothers, Booksellers and Publishers, Kat- 
elien Hoad, Lahore. 

d lie ddlak School Bookshop, Lahore. 

Ihe Standard Bookstall, Lahore. 

Idle Piniiip.il >ansknt Hunk DepAt. saidmitha 
M i (•••( La bn I e 

Manager ol the Imperial Book Depot, Ob, Chand- 
ney (dmwlv Street, Delhi. 

Oxloid Book and Stationery Company, Delhi. 

Supdt , American Baptist Mission Press, 
Rangoon. 

d he Modern Publishing House, Ltd., 30, Phayro 
Stieet, Rangoon. 

Bmma Hook Club, Ltd., Rangoon. 

Manager, the 44 Hitavada.” Nagpur. 

Hhisev Brothers, Booksellers and Stationers, 
Sitahaldi, Nagpur. 

v s . C. I'alukdar, Proprietor, Students A" Co., 
Conch Beliar. 

Ihe Alanager, Cevlon Observer, Colombo. 

Idle Manager, The Indian Book Shop, Benares 
C 1 1 y . 

dhe Srivilliputtur Co-operative Trading Union, 
Ltd , Nr i v ill put tin' (Satur. S. I. R ) 

Haghunath Prasad A Sons, Patna City. 

Dandekar Brothers, Tndoro City. 

I he Hyderabad Bonk Depot. Chaderghat, 
H \ dm ahad ( Dec c an >. 



CONTENTS. 


PACE. 

i’KI'FUT ..... . . I 

PART I. INTRODUCTION. 

Chapter T. — The history of the manuscript . 1 

Chapter IT.- Description of the manuscript . >5 

( Ti after J 1 1 . Order 12 

Chapter IV. Contents of the manuscript . 15 

Chapter V. exposition and method .... 22 

Chapter VT. Analysis of the mathematical contents . 

C it apt eh VTT.— Measures ... 5t 

Chapter VTTT The sources of t lie work ... . (It) 

t h \pter I X.-- -The ap r e of the manuscript and the work . . 71 

PART 1 1. -THE TEXT. 

i. The script, (with 4 plates) ■ • s 7 

ii. Transliteration of the text .... 105 

iii. Facsimiles of the whole text. Plates T — XT.TT. 

Index. 




PREFACE. 


Tn order to correct an impression that certain passages in this volume might 
convey unless distinctly qualified, I must here refer to my indebtedness to the late 
Dr. Hoernle. Indeed, a considerable part of the analysis of the MS. is really his 
work,* and by his preliminary survey of the manuscript my task was consider- 
ably lightened. It was at Dr. Hoernle’s special request that 1 undertook to carry 
on the work he had started, and he handed over to me most of the material he had 
himself prepared. Had he lived a little longer I should, no doubt, have had the 
benefit of further help from him, and this volume might have been issued as our 
joint work. Dr. Hoernle’s lamented death prevented that plan being carried out ; 
and unfortunately my views are so often opposed to those that where held by 
Dr. Hoernle that it would hardly be proper to make him a participator in them. 

I am much indebted to Bodley’s Librarian for special facilities that enabled 
me to examine the original manuscript under the most favourable conditions ; to 
the Oxford University Press for their most excellent work in preparing the photo 
graphs of the manuscript and the collotype reproductions of the text ; and to the 
Manager, Government of India Press, Calcutta, for the care and skill with 
which the transliteration has been printed. 


G. R. KAYE. 


Banham, 

Attleborough, 

Norfolk. 


* SeetionB B, G, H, K and L arc almost wholly the work of Dr. Hoernle, who also transiterated about half of the leave* of the MS. 
References to his published papers on the MS. are given on page 2. 




ERRATA. 

On Mu- plate lacing page 1 read ‘ 51 it koto II ’ lor ‘ 51 vkkm> R 
In t iv, t (Part ii) the fifteenth ligature is sra, not vyo 

On p. 41 in the second example x v x ? and \, have been wmnglv interchanged in fin* 
solution and answer. 

In the table on p. 11 ‘ Folio 55 ’ should come before ( Folio ll* r riiat is \f 9 is Folio 55 
and M Lo is folio 19. 

j>. 30, § 52. Add “on Folio 49 is a phrase <7 'klnfinr j/ajtunft kv." 
p. 2\ Foot-note g* : for 2-J-j- read 2 f\ 7 . 
p. 29, penultimate line : For y 4 ° read ,M /\ 

p. 02, § 109. Add O he terms /iraxnh and kharl occur on Folio 31, hut with doubtful 
application ’ 

p. 05. Omit the last line of the capacity tabic 
p. 127. Kol 29r(/f). Second line. Ranid t/tt a*ihlia yuan. 

(5). Second line. Read dpi for *//e. 

Fol. 39\\u/). Second line. Head tnfttja For fnfii/n. 
p. 1 50. Fob 35v. Fourth lim*. Head pad m if am For papad h t/asr 
]>. 15)1. Fob 05i\ (4). Second line. Read //o//c.v//5 for jpaja ins ra 

j». 150 Fob 40v. (d) . Second line. Read prat haatnm For prat ha tuft . 

p. 1 57. Fob 12v. Third line. Head ninsanam for r nnso no in . 

p. Fob 1 tv. Second line. Read 4 ha H for 445 «S 

p. 139. Fob 45 v. First lint*. Read akn for ast/a. 

p. 1 12. Fob 49r. Second Jim*. Read da naxt milnln for padanast uurdn , 
ji. 115. Fob 54r. (4). Read nut ram (/*) jafain . 

p. 117. Fob 50r. Penultimate lim*. Read yar am a rjayr for yavarjn tp\ 

p. 11 7. Fob 57r. bust line. Read akarast for ckonavaSi . 




THE BAKIISHAL I MANUSCRIPT. 

PART 1-INTRODUCTION. 

CHAPTER I. 


1. In 1881 a mathematical work written on brich-bark was found at Bakhshall 
near Mardan on the north-west frontier of India. This manuscript was supposed 
to be of great age and its discovery aroused considerable interest. Part of it was 
examined by Dr. Hoernle, who published a short account together with a transla- 
tion erf a few of the leaves in 1888. Dr. Hoernle had intended, in due course, to 
publish a complete edition of the text, but was unable to do so. The present volume 
gives the complete text. 

2. Bakhshall, or Bakhshalai, as it is written in the official maps, is a village 
of the Yusufzai sub-division of the Peshawar district of the North-West Frontier 
Province of India. It is situated on, or near, the river Mukham, which eventually 
joins the Kabul river near Nowshera, some twenty miles further south. Six miles 
W.N.W. of Bakhshall is Jaraalgarhi, twelve miles to the west is Takht-i-Bhai, 
and twenty-five miles W.S.W. is Charsada — famous for their Indo-Greek art 
treasures. 

Bakhshall is about 150 miles from Kabul, 160 from Srinagar, 50 from 
Peshawar, 350 from Balkh and 70 from Taxila. It is in the trans-Indus country 
and in ancient times was within the Persian boundaries — in the Arachosian satrapy 
of the Achaernenid kings. It is within that part of the country to which the name 
Gandhara has been given, and was subject to those western influences which are so 
bountifully illustrated in the so-called Gandhara art. 

3. The only authentic record of the discovery of the manuscript appears to be 
contained in the following letter, dated the 5th of July 1881, 1 from the Assistant 
Commissioner at Mardan. 


,c In reply to your No. 1306, dated 20th ultimo, and its enclosures, I liave the honour to inform you Hint 
the remains of the papyrus MS. referred to were brought to me by the Inspector of Police, Mian An-Wan- 
Udin. The finder, a tenant of the latter, said he had found the manuscript while digging in a ruined stone 
enclosure on one of the mounds near Baklishali. 2 These mounds lie on the west side of the Mnrdfln and 
Bakhshall roads and are evidently the remains of a former village, (’lose to the same spot the man found 
a triangular-shaped ‘ diwu,’ a soap-stone pencil, and a large lota of baked clay with a perforated bottom. 
I had a further search made but nothing else was found. 

“ According to the finder’s statement the greater part of the manuscript had been destroyed in taking it 
up from the place where it lay between stones. The remains when brought to me were like dry tinder, and 
there may be about fifty pages left some of which would be certainly legible to anv one who knew the charac- 
ters. The letters on some of the pages are very clear and look like some kind of Prakrit , but it is most diffi- 
cult to separate the pages without injuring them. T had intended to forward the manuscript to the Lahore 
Museum in the hope that it might be sent on thence to some scholar, but. I was unable to have a proper tin 
box made for it before I left Mardan. I will see to this on my return from leave. The papyrus will require 
very tender manipulation. The result will be interesting if it enables us to judge the age of the ruins where 
the manuscript was found.” 


1 Apparently the manuscript was found in May 1881. 

* General Cunningham in a private letter to Dr. Hoernle, dated Simla, /)th June 1882, says: “ Bakhshali is 4 miles north of 
Sh&hbazgarhl. It is a mound with the village on the top of it. The birch-bark manuscript was found in a field near a well without 
trace of any building near the spot, which is outside the mound village ” 



o 


This account is very unsatisfactory and there are indications that it is not 
altogether reliable. It was written, apparently from memory, some month or so 
after the discovery of the manuscript. The “ ruins,” it appears, were the creation 
of the writer’s imagination, and the statement generally does not give the impres- 
sion of exactitude. 

4. In the meantime notices of the discovery had found their way into the 
Indian newspapers. Professor Btihlcr, who had read of the discovery in the 
“ Bombay Gazette ” l , communicated the announcement to Professor Weber, who 
brought it to the notice of the fifth International Congress of Orientalists then 
assembled in Berlin. 2 3 In Buhler’s letter to Weber it was stated that the manu- 
script had been found “ carefully enclosed in a stone chamber,” and it was thought 
that the newly discovered manuscript might prove to be “ one of the Tripitakas 
which Kanishka ordered to be deposited in Stupas.” 

There is nothing whatever in the record of the find to justify Buhler’s state- 
ment, which seems to have originated in a rather strange interpretation of the 
words ‘ while digging in a stone enclosure ” that occur in the letter quoted above, 
and which are themselves of doubtful reliability. And Bidder’s views would 
hardly have been worth recording here had it not been that their effect was alto- 
gether disproportionate to their value. Perhaps the exaggeration of the value of 
the find, however, served a useful purpose at the time ; but now it has become 
embarrassing for refuting it makes the present editor of the manuscript appear 
to be decrying his wares. 

.">. The manuscript was subsequently sent to the Lieutenant-Governor of the 
Punjab, who, on the advice of General Cunningham, directed it to be transmitted 
to Dr. Hoernle, then head of the Calcutta Mad rasa, for examination and publica- 
tion. Tn 1882 Dr. Hoernle gave a short description of the manuscript before the 
'Asiatic Society of Bengal, and this description was published in the Indian Anti- 
quary of 1883. 1 At the seventh oriental conference held at Vienna in 1886 he gave 
a fuller account which was published in the proceedings of the conference, 4 and also, 
with some additions, in the Indian Antiquary of 1888.’ In 1902 Dr. Hoernle 
presented the manuscript to the Bodleian Library. 


1 This account appears in the Bombay Oa/.i/tte of Wednesday. August- BUh, 1881, and is as follows : — 

“ The remains of a very ancient papyrus manuseiipt have been found near Bask hall, in the Mardan tahsil, Peshawar District. 
*>n the Men! side of the Mardan and Husk hall road are some mounds, believed to be the remains of a former village, though nothing is 
known with any certainty regarding them, and it was while digging in a ruined stone enclosure on one of these mounds the discovery 
was made. A triangular-shaped stone 1 diwa \ and a soap stone pencil, and a large lotah ot baked clay, with a perforated bottom, 
were found at the same place. Much of the manuscript was destroyed by the ignorant finder in taking it up from the spot where 
it lay between the stones ; and the lernains are described as being like di \ tinder, in some of the pages. .However, the character, 
winch somewhat resembles Pmkrit , is clear, and it is hoped it may be deciphered when it reaches Lahore, whither we understand it is 
shortly to be sent.** 

* The oflicial record is given in the report of the Congress (Part T, p. 79) as follows - 

I)er Prasident (Weber) verlas darauf aus cinem Briefe von Prof. Bidder folgendo liochwichtige Mittheilung : 

lt JOin Penjabi Landnmtm soil beim Stcinegraben einen alien Papyros gefunden liabcn, der sorfaltig in einen Steinkammcr 
emgeacldossen war. Derseibe soli sehr umfangreich gewesen, (loch Vieles vom Finder durch Unvorsichtigkeit zerstort sein. Die sehr 
bedeutenden Keste sind naeh Lahore gebracht. GJaiiz Sciten sullen lesbar sein und dio Sehrift 4 wie Prakrit * aussehen. Ee konnte 
dies wo hi eines der Tripitaka’s sein, dio Kanishka in Stfipa's niederlegen liess. Ich habe glcich an Cunningham geschreiben und 
uin ein Stuck wenigstens in Photographic gebeten.” 

3 Vol. xii, pp. 89-90. 

4 Verhandhuvgen des vii 1 ntcrnationalen Orientalisten-Congresses, Arische Section, 127 scq. 

r * Vol. xvii, pp. 33-48 and 275-279. 
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CHAPTER II. 

6. The manuscript consists of some 70 leaves of birch-bark, but some of these 
are mere scraps. The largest leaf measures about. 5 75 by 3 o inches or 14 5 by 8 9 
centimetres. The leaves, which are numbered according to the Bodleian Library 
arrangement from 1 to 70, may be classified according to their size and condition 
as follows : — 


In fair condition but broken at the edges— size, not less than 5 by 3 inches 
(13 by 8 cm.) 

1, 3, 4, 5 , 6, 7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 20, 22, 23, 24, 32, 33, 34, 36, 

37, 43, 44, 47, 49, 59, 60, 61, 62, 63— total 35. 

Rather more damaged but otherwise in fair condition — not less than 4;| by 2 
inches (12 by 5 cm.) 

2, 25, 26, 42, 45, 46, 48, 50, 51, 52, 55, 56, 57, 58, 64, 69— total 16. 


Much damaged. 

21, 31, 35, 41, 53, 66, 68— total 7. 


Scraps. 


27, 28, 29, 30, 35, 38, 39, 40, 54, 68, 70— total 1 1 . 

One folio (19) is entirely blank. 

Certain folios consist of two leaves stuck together, namely 7, 31, and 65, and 
possibly others. It. would not be difficult to separate these double leaves without 
damaging the manuscript. 

7. The eleven folios classified as “ scraps ” at first appeared completely refrac- 
tory but the exercise of considerable patience has led the following to submit to 
some arrangement. Here the letters a, b, c, etc., refer to the scraps in the older 
in which they appear on the right sides of the leaves as illustrated and the revised 
arrangement is indicated below :— 

Roviaed References 

order. to the platos. 

A1 40* + 39* + 39 M + 39° + 38 h . 

A2 39” + 40” + 38* + 40” + 39 d . 

A3 40 d 1-39' + 38 s . 

A6 51” + 35*. 

A9 29 d + 29” + 29°. 

A10 27 + 29*. 

Of these rearrangements one side of each of Al, A6 and A9 are shown in the 
illustration facing p. 4. These rearrangements were made from the reproductions 
— a much more difficult task than working with the originals. 

8. Dr. Hoernle’s first estimate of the original size of the leaves was 7 by 8| 
inches, and this estimate was based upon “ the well-known fact that the old birch- 
bark manuscripts were always written on leaves of a squarish size ”, and upon the 


B 
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obvious incompleteness of folio 17 ( xliii ) , 1 * * 4 but this estimate he himself corrected 
some twelve years later.' 


Although no leaf of the manuscript is now complete there are 35 leaves in 
comparatively fair condition, and these vary in size" from about 5£ by 3^ inches to 
6 by 3f inches. There are some lines of writing quite complete, though not many — 
and these complete lines measure from 54 to 6 inches in length. There is also 
evidence of a small margin on either side, and the actual space occupied is just 
over G inches or 1 5 k centimetres. 1 estimate that the original length was from 
about G. 1 , to 7 inches. 


With regard to the depth 1 estimate from 4 to 44 inches. Tn a few cases we 
have the complete set of lines (generally from 10 to 11 to the page) and in some 
other cases the amount missing can be roughly estimated, while the actual maxi- 
mum depth that occurs is 3f inches. My estimate of the original size of the leaves 
is therefore 6?, to 7 inches long bv 4 to 4i inches deep or 16 6 to 17 8 centimetres by 
10 2 to 115 centimetres. Dr. Tloernle’s final estimate was 7 by 4 inches. 


8 (a). In ordinary Sanskrit manuscripts it is the custom to number the leaves 
(not the pages) in order, generally in the left hand margin of the reverse. 1 No 
single leaf of our manuscript has this part intact and there is no evidence of such 
numbering. 

9. The leaves are now mounted between sheets of mica and placed within an 
album. The mica sheets are about 7 4 by 4 6 inches and are fixed together by 
strips of gummed paper at the edges leaving a clear area of 6A by 3f inches. The 
general arrangement is shown in Plate I (Part IT). Rome other method of mount 
ing (c.f/., between glass plates) might be safer. It should be possible to separate 
the leaves now stuck together, and the possibility of thereby discovering new 
material would justify considerable trouble being taken in this matter. 

10. Birch-bark is an outer bark of the Silver Birch (lie tula utilis, fietula 
bhojjxttru , or the Bhurjtt tree, as it is variously called) which flourishes in the 
Himalayas from Kashmir to Sikkim. It grows on all the higher ranges of the 
Kashmir hills from a height of about 6,000 feet, to 12,000 feet. The forests in the 
Gurais district supply most of the bhojputra that is sold in Srinagar. The bark 
is used chiefly for the roofing of houses, for wrapping up things, for lining baskets, 
etc., and the villagers still use it as a writing material. 

To obtain the bark from the tree a deep cut is made vertically down a clean 
piece of bole, and the bark is then peeled off by the hand. The operation is very 
much the same as that employed in “ girdling ” pine trees except that the upper 
and lower cuts are not made. The paper bark appears to be thrown off by an under 
red bark and apparently one layer is produced each year. If all the laminae are 
stripped off from a tree, it either dies, or, if it survives, it does not give good bark 
a second time. The most suitable size of tree is from 2 feet to 44 feet in girth. In 


1 Indian Antiquary , xvii, 1888, p. 33. The ‘ well-known fact’ is not a fact at all. 

* JASB, LTX, 1900, p. 126. 

* The reproductions are of the same size as actual leaves. 

4 This is the general practice in Northern India. In the South the number is usually given on the obverse. 
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larger trees the paper bark of the bole is rough and ligniiied and is of no use as a 
writing material. 1 

11. Each layer of bark is white or pinky- white on the outer side, but is a red- 
dish or yellowish buff on the inner side. The number of layers varies and I have 
counted 47 in a strip taken from an old tree. A marked feature of the bark is the 
existence of numerous lenticels (glands) from 1 to about 6 cm. in length and from 
about 1 to 3 mm. in. depth. These lenticels are reddish-brown in colour 2 and of 
darker shade than the natural reverse of the lamina, and each of them is continued 
throughout the several laminae. On the natural obverse they appear much more 
distinct by contrast with the lighter back-ground, and in the reproductions of 
manuscripts this contrast sometimes appears to be emphasised. On the bole of 
the tree the lenticels are horizontal (i.e., they are always at right angles to the axis 
of the bole or branch). On the older specimens they are slightly convex on the 
obverse and concave on the reverse. Traces of these lenticels can be seen in almost 
all the reproductions of our manuscript (see Fig. 1 and Plate XLI ; but they show 
much clearer in some of the Bower manuscript plates). The lenticels are of im 
portance from the point of view of the scribe because they are of different structure 
from the rest of the bark, and they sometimes break away (see folio 16). There is 
a sort of grain running parallel with the lenticels and the bark tears easily in that 
direction. 



Fig. 1. 


1 'See not oh by Mr. E. R add iff e in the Indian Forester (xxviii, 1902, pp. 25-27). Tam much indebted to Lt.-Ool. A. Gage, 
Director of the Botanical Survey of India, Mr. P. H. Cluttcrbuck, Inspector-General of Forests, and Mr. B. Coventry, Conservator 
of Forests, Kashmir, for information very kindly supplied by them. 

The following particulars of specimen strips of birch-bark taken from trees of various ages, and kindly sent to me by Mr. B. Coventry, 
are perhaps worthy of record. 


Girth of tree. 

Size o’. 

Length.* 

Strip. 

Breadth.* 

Number of lamina?. 

Ft. 

Inches. 

Ft. 

Inches. 

Ft. 

Inches. 



6 

2 

... 


6 

20 

1 


2 

10 


10 

19 

2 


3 

4 

1 

(> 

29 

3 


4 

7 

2 

... 

Shows previous stripping. 

3 


3 

7 

2 

2 

19 

4 


2 

10 

2 

0 

27 Bottom of trunk woody. 

5 


3 

0 

4 

I 

33 ,, ., ,, 

6 


3 

7 

1 

10 1 
1 

47 Taken from an upper branch. 


♦ Here length means vertical length measured at right angles to the lenticels and breadth means the measurement parallel to 
the lenticels. 


• On the outside of the tree they are sometimes black, and on very old trees they form woody excrescences. 
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12. The art of preparing the bark for writing upon appears to be lost, but 
Albfruni tells us that the strips were rubbed with ( ?) oil and polished. The manu- 
scripts preserve no evidence of either of these processes. All that they tell us is 
something of the process of sub-division, and arrangement. Each leaf of the 
Bakhshali manuscript appears to consist of half of the original thickness of the 
strip, i.e., the original strip was divided into layers each of which consisted of some 
six laminae. In the Bower manuscript the number of laminae to a leaf varies from 
two to six while one leaf consists of at least twelve liminae. The Kashmirian 
Arthava Veda exhibits rather more elaboration : the process of sub-division is 
carried to the extreme limits and each leaf consists of two single laminae pasted 
together. 


13. Possibly the original strip of birch-bark from which the leaves of the 
Bakh shill T manuscript were taken was roughly of 
the shape of the annexed diagram and was cut up 
into the oblongs indicated. If A, B, C, etc., 
represent the upper layer, and A 1 , B', 0\ etc., the 
lower layer, then, according to the evidence of the 
leaves themselves, they were arranged for purposes 
of writing upon in the order A, A 1 ; B, B 1 ; C, C l ; 
etc., or A, A* ; D, D‘ ; etc. 


A 

B 

c 

D 

E 

V 

G 

H 

i 

J 

K 

L 

M 

N 

O 

P 

Q | 

n 



Fig. 2. 

14. Birch -bark, even after preparation for writing upon, retains the natural 
marks of the wood showing the lenticels and occasionally knots. Such knots are like 
thumb marks in their individuality, so that, if a knot recurs, it can generally be 
identified. Returning to our diagram — it is obvious that if a knot occurs on, say, 
D its doublet will occur on D'. In the Bower manuscript three knots that occur on 
folio II, 7 recur on II, 8 ; the knot on III, 8 recurs on III, 9 ; several knots on II, 23 
recur on II, 24 ; one on IT, 31 recurs on II, 32 ; and so on ; and in no case does any 
particular knot occur on more than two leaves. In the Bakhshali manuscript the 
order of the leaves was uncertain but it was noticed that folios 12 and 13 had a 
common knot, and so had folios 32 and 36, folios 44 and 49, folios 51 and 52, folios 
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53 and 66. If our scheme of the arrangement of leaves also holds good here, then 
each of these pairs of leaves should consist of consecutive leaves, and the final order, 
based on other considerations, places them thus — 


Bodleian 

order. 

Final 

order. 

12 

G3 

13 

G4 

32 

M3 

36 

M4 

44 

M10 

49 

M9 

51 

A8, 9 

52 

A10 

53 

E2 

66 

El 


15. It should be noted also that where the reproductions are of double leaves 
stuck together the two sides should have no common natural markings (see, for 
example, folio 65) ; and, conversely, when the two sides have no natural marks in 
common there is ground for suspicion (e.g., folios 46 and 3). In this matter too 
much reliance should not be placed on the reproductions. 


Format. 

16. Of the very few early birch-bark manuscripts the following are perhaps 
the best known : — 

(а) The Kharoshthi Dhammapada from Kliotan. Size 8 by 36‘ inches, 

(Ratio 0’2)\ Period 2nd century A.D. 

(б) The Bower manuscript from Khotgarh. Size 9 by 2 to 11£ by 24 inches, 

(Ratio 4 5). Period 5th century A.D. 

(c) The Bakhshali manuscript (Oxford). Size 7 by 4 inches, (Ratio 17). 

Period ? 

( d ) The Kashmirian Arthava Veda. Size 9 8 by 7 8 inches, (Ratio 125). 

Period 15th century A.D. 

( e ) The Deccan College Rig Veda (Poona). Size 10J by 94 inches, (Ratio 

108). Period ? 


1 The sizes bere driven are, of course, only approximations to thn average sizes. See (a) Journal Atialique, 1898, pp. ]9f> flf. 
(b) The Bower Manutcript, hy A. F. B. Hoernle. (d) The Kashtninan Arlhnm Veda, Bloomfield & Oarbk. (e) Cal. MSS. of lb 
Deccan College, Poona , Vol. I, p. I. 
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The shapes and relative sizes of these manuscripts are represented in the accom- 
panying diagram — 

Bower MS. i 

■ — — — — ——— — — —•I 


Bakhshfili 

MS. 


Kashmir 

Arthava 

Veda 


Ri» Veda 
Poona 


Kharoshtlii 

MS. 

Khotan. 


17. The format of a book is generally determined by several semi-independent 
factors, e.(j., material, economy, fashion, convenience, contents. Our first example 
of a birch-bark book, the Khotan manuscript, seems to have been shaped in imita- 
tion of the western papyrus roll 1 ; the second example, the Bower manuscript, is 
probably in imitation of the palm leaf manuscripts of India ; while the later ex- 
amples are in imitation of paper books. The Bakhshfili manuscript appears to 
stand in an intermediate position and there is, of course, a possibility that its format- 
may indicate its age within certain limits. 

18. In all birch-bark manuscripts the writing is parallel to the lenticels, which 
on the bole of the tree are horizontal ; and the reason for this direction of the writ- 
ing is that the bark tends to split in the same direction. In the Bower manuscript 
there are one or two exceptional examples of writing inclined to the lenticels 
(Plates I and II) but the angle of inclination is small. It should also be borne in 
mind that the length of the strip of bark (parallel to the writing) is limited to the 
circumference of the tree, and the depth of the strip is also practically limited,* 
and that the format was, at least, partly determined by the necessity for dividing 
these strips ^economically. 

19. But fashion was probably a more powerful factor than material in the deter- 
mination of the format of birch-bark books, and it is possible that the method of 
preparing papyrus for writing upon to some extent influenced those who prepared 
birch-bark for the same purpose. The stem of the papyrus plant was cut into 


1 Numbers of such rolls were discovered by Sir M, A. Stein in Central Asia. 
■ See footnote on page 5. 
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longitudinal strips which were laid on a board side by side to the required width, 
and across this layer another of shorter strips was laid at right angles. After 
soaking, the combined sheet was hammered and dried and polished with ivory or 
a smooth shell. Some twenty such sheets were pasted together to form a roll. 
Later it was the practice to back one sheet with a second in order to obtain a more 
suitable paper. The depth of the rolls varied from 4 to 12 inches. The later limit 
for the use of papyrus as a writing material was about the 9th century A.D. 

20. The palm leaf manuscripts of India are made from the leaves of Corypha 
umbrae ulif era or Borassus flabellifer. The former is indigenous in south India 
but the latter was probably introduced from Africa. The leaves of both of these 
trees are long and tapering, with central ribs. All the earlier palm leaf manu- 
scripts are made from the leaves of Corypha. The following are examples : — 


Reference. 

Locality. 

1 

Length. 

i 

Depth. 

i 1 

Ratio. 

l>ate. 

Horiuzi .... 

W. India 

i 

. ; 11 in. 

1 

2 in. 

.vr, ; 

? 520 A.D. 

Bendall Add. 1049 


. ! i« „ 


8-0 1 

850 „ 

„ „ 1083 

Nepal , 

• n „ 

~ >} 

io-5 ; 

! 

1030 „ 

n 1()S<J . 

Bihar . 

. ; *2 „ 

* 

1 10 

1054 „ 

Kielhorn No. 1 2 

W. India 

. la „ 


j 

5-8 

1123 „ 

Peterson No. 220 . 


■ m „ 

i i 

*k ,, 

i 

150 

1205 „ 


From measurements of a large number of Corypha manuscripts it appears that 
the most usual depth was about two inches and that the lengths varied from about 
10 to 34 inches. The chief mode was from 10 — 16 inches but there was a second 
mode from 30 — 34 inches. It appears that the whole length of the prepared leaf 
was occasionally used, but that more often it was cut into thirds, or sometimes into 
halves. 

About the middle of the fifteenth century the use of palm leaf as a writing 
material entirely ceased in western India, but in eastern India it continued to be 
used side by side with paper until much later. 

21. The art of paper making appears to have been practised by the Chinese at 
a very early date. From the Chinese the Muslims learnt the process in the eighth 
century and they introduced it into Europe and also India about the twelfth 
century. Among the earliest Muslim paper manuscripts now preserved, one 
was written in A.D. 866, others in 974, 980, 990, etc. The earliest Indian paper 
manuscripts known were written in A.D. 1231 and 1343. The earlier one measures 
6 by 4 inches (ratio 15) and the other 13| by 5 inches (ratio 2 7). 

22. Another very common writing material in early India was copper. 
Biihler states that the size of the copper plate used was largely determined by the 
common writing material of the locality, e.g., the palm leaf, birch-bark, etc. This 
statement, however, is not fully supported by actual evidence, for the more usual 
ratios of lengths to depths of copper plates vary from about 1*4 to 2 6 as against 5 
to 15 for palm leaf manuscripts. 1 


1 There are rare examples of copper platee of ratio over 4 (*.?., two Taxila plates of ratio 4*7). 
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23. Before making definite deductions from the formats of our birch-bark 
manuscripts, a great deal more investigation is obviously required, and in parti- 
cular the formats of the western tablets and codices, the early Chinese and Muslim 
paper books should be studied. Until the introduction of paper into India there 
does not seem to have been much consistency in the format of birch-bark manu- 
scripts. The Khotan manuscript may have been in imitation of the papyrus rolls 
of the west. The width is about 8 inches (20 cm.), the length is unknown, but the 
total length is about 4 feet (1 m. 23) and the longest piece of the Paris portion is 
about 24 inches (61 cm.). The scapus was made by joining pieces of unknown 
depth together 1 and at each side a fine cord was threaded through the bark about 
one cm. from each edge. Most probably it was never intended that the manuscript 
should be rolled up : possibly it was to be hung on a wall. The writing is parallel 
to the short side, and in this matter differs entirely from the papyri, on which the 
writing is generally parallel to the length of the roll, and in columns of from two to 
three and a half inches wide. The writing is on one side only of most of the frag- 
ments of the Khotan manuscript, but on one long piece (C) both sides are written 
upon. This piece (C) consists of several layers of bark (it is, of course, impossible 
to count these layers without examining the original). The lenticels are identical 
on the two sides and the verso side is the lighter side of the bark. The manuscript 
appears to have been folded up to the size of 20 by 5 cm., but obviously this was not 
the original intention, for the folds are independent of the position of the lines of 
writing, and folding birch-bark manuscripts was never a wise procedure. 

That the Bower manuscript format was determined by the palm leaf pothi is 
probably true, although it should be noted that 9x2 inches is a very uncommon 
size for an early palm leaf manuscript. (See Dr. Hoernle's lists in the JASB, 1900, 
pp.- 99ff.) 

24. Regarding the format of the Bakhshali manuscript (ratio 16) as a cri- 
terion of age, I can come to no positive conclusion from the evidence before me. 
Further investigation is required and might be profitably undertaken if time 
allowed. Dr. Hoernle, however, writes as follows : — 

“ It is noteworthy that the two oldest (Indian paper) manuscripts known to 
us point to their having been made in imitation of such a birch-bark 
prototype as the Bakhshali manuscript/' 

It is not easy to accept this argument, for it would be quite as reasonable to con- 
clude that the Bakhshali format was determined by the paper manuscript formats, 
and that it is of later date than the introduction into India of paper as a writing 
material ; and this would place the Bakhshali manuscript about the twelfth 
century of our era at the earliest. However I only give this hypothesis as a set-off 
to Dr. Hoernle’s unjustifiable deduction. 


The script. 

a 

«*• 

25. The Bakhshali text is written in the Sarada script, which flourished on the 
north-west borders of India from about the ninth century until within recent times. 
Its distribution in space is fairly definitely limited to a comparatively small area 
lying between longitudes 72 and 78 east of Greenwich and latitudes 32 and 36 north. 
Dr. Vogel distinguishes between Sarada proper, of which the latest examples are 
of the early thirteenth century, and modern Sarada. 


1 ButI can see no evidence of this in the illustrations given in the Journal Asiatiqv€( 1898, p. 308)* 
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The writing of the Bakhshali manuscript is of the earlier period and is gene- 
rally very good writing indeed. It was written by at least two scribes. In the 
table on p. 97 the styles of writing are indicated by the letters a and fi of 
which fi pertains wholly to the “ M ” section. Style a is divided into four sub- 
sections which possibly belong to the work of four separate scribes, although it is 
not easy to point out any fundamental differences between these styles. Folio 65 
possibly exhibits the writings of two separate scribes on the two sides, which do not 
belong to the same original leaf. Compare also folios 29 and 17. 

Possible points of differentiation between the sub-divisions a,, a^, a 3 and a, are 
the length of medial /, the length of the final up-stroke of initial u, the length of 
the virdma mark, the occurrence of the sickle shaped * (folios 1, 35, 52, 60), of the 
" clubbed ” ai and e (folios 16 and 60), of the “ curved ” medial e (folios 3, 18, 5), and 
the different methods of forming medial c, ai and o. 

The style (/3) of section “ M ” is distinguished by its boldness (contrast plates 
II and XXV), by “ tails ” or flourishes (including very long virdma marks), the 
methods of writing medial ai and o, the looped six, etc., etc. 

In Part IT the script is examined in detail and further peculiarities of the 
different sections are given, e.g., section “ M ” has no examples of at and contains 
practically all the examples of o Sections L (a 4 ) and G (x 3 ) show marked 
differences in the methods of writing medial e, while section F is, in this matter, 
very much like section L. Section C (* a ) has no example of either the 
jihvdmuliya or v/padhmdniya, and so on ; but it must be borne in mind that these 
statistics are only of value in the mass. 


The language. 

26. The language of the text may be described as an irregular Sanskrit. 
Nearly all the words used are Sanskrit, and the rules of Sanskrit grammar and 
prosody are followed with some laxity. The peculiarities of spelling, sandhi, 
grammar, etc., that occur in the text are exceedingly common in the inscriptions 
of the eleventh and twelfth centuries found in the north-west of India. Dr. 
Hoernle, however, implies that the language is much older. He states that the 
text “ is written in the so-called Gatha dialect, or in that literary form of the North 
Western Prakrit which preceded the employment, in secular composition, of the 
classical Sanskrit.” He also states that this dialect “ appears to have been in 
general use, in North Western India, for literary purposes, till about the end of the 
3rd century A.D .” 1 

The subject of language is discussed to some extent in Chapter viii and will 
be more fully dealt with in Part IIT of this work. 


1 Ind . Ant. xvii, 1888, pp. 37 <fc 38. 
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REVISED ORDER, &c. 


.3 

£ 

« 

order. J 

Folios. 

N umbered 
SQtras. 

Find 

order. 

H s 

® © 

Ph 

Folio. 

Numbered 

SQtras. 

Find 

order. 

Kevised 

order. 

Folio. 

Numbered 

SQtras. 

Find 

order. 

A 

1 

•M)* -f- 3t>* -f 1,1 + ' + 88 b 


32 


1 

46 

v. 


9 

If 

1 

16 

v - 

p 

30 

A 

2 

3‘J b +4(V + 38'+40 b + 39* 1 


32 

D 

2 

70 



65 

H 

2 

17 



28 

A 

3 

40" + 39* + 38 h 


32 

D 

3 

Ml 



64 

H 

3 

18 


P xxviii 

27 

A 

4 

54 


F 

D 

4 

08 



64 



30 



82 

A 

5 

85*' 


P 

1) 

6 

31 



63 

J 

l 



A 

0 

5L b + 35* 


37 

1) 

0 

07 

V.R. 


62 

J 

2 

65 

s. 

P 

P 

A 

7 

r,i* 


37 

L) 

7 

28 



60 

.1 

3 

41 



P 

A 

H 

52 


37 







K 






A 

9 

2H 


32 

E 

1 

00 



58 


59 


1 

V 

A 10 

27 4- 29 


32 

E 

*> 

53 



? 

L 


GO 


li, lii 

P 

A 

11 

1 

ix, x 

33 

E 

3 

58 



? 

i 


A 

12 

2 


34 

E 

4 

21 



55 

L 

•i 

61 


liii 

? 

A l:5 

3 

| xiii, xiv 

19 

E 

5 

22 

B . 



L 

3 

02 


liv, lv 

P 












L 

i 

03 


lvi, lvii 

? 

H 

1 

8 

p f y 

is 

F 

1 

22 

V. 

V ‘J 

• » • 

54 

M 






15 

2 

1) V.R. 


13 

F 

2 

23 



52 

1 

20 



20 

B 

;5 

7 v. 


45 

F 

3 

24 



? 

M 

2 

33 



25 

B 

4 

4 

xv, xvi 

44 

F 

4 

25 



51 

M 

3 

32 



24 





F 

5 

20 



50 

M 

4 

30 



23 

C 

1 

5 

xviii 

47 






M 

3 

34 

i 


22 

() 


o 


40 

(t 

1 

lo 


xxiv 

42 

M 

0 

37 



21 

c 

;5 

7 R. 


45 

G 

2 

11 


i 

41 

M 

7 

47 

V.R. 


20 

c 

4 

05 v. 


F 

G 

3 

12 


40 

M 

8 

48 



19 

0 

r, 

50 v.r. 


10 

G 

4 

13 


1 39 

M 

9 


V.R. 


11 

c 

o 

04 


y 

G 

5 

14 



? 

M 10 

| O.J 



14 

c 

7 

57 v.r. 


*P 

G 

0 

15 


XXV 

29 

M 11 

| 44 

V.R. 


12 

c 

8 

45 


10 

G 

7 

16 

K. 


HO 

M 12 

43 



13 

c 

9 

46 r. 


9 




1 



M 

13 

42 



18 




i 

1 







M 14 

50 

V.R. 


17 


Noth.— R. stands for Recto , v. for Verso and v.u. indicates that the facsimile should be reversed. 
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CHAPTER IV. 

The contents of the manuscript. 

35. The portions of the manuscript that have been preserved are wholly con- 
cerned with mathematics. Dr. Hoernle described the work in 1888 in the follow- 
ing words 1 : — 

“The beginning and end of the manuscript being lost, both the name of the work and its author aio 
unknown. The subject of the work, however, is arithmetic. It contains a great variety of problems re- 
lating to daily life. 1 The following are examples: — ‘ In a carriage, instead of 10 horses, there are yoked 
5, the distance traversed by the former was one hundred, how much will the other horses be able to accom- 
plish P* The following is more complicated : — i A certain person travels 5 yojanas on the first day, and »3 
more on each succeeding day; another who travels 7 yojanas on each day, has a start of 5 days; in what time 
will they meet? 9 The following is still more complicated: — * Of merchants, the first possesses 7 horses, 
the second 9 ponies, the third 10 camels; each of them gives away B animals to be equally distributed 
amongst themselves. The result is that the value of their respective properties becomes equal; how much 
was the value of each merchant’s original property, and what was the value of each animal.' 1 The method 
prescribed in the rules for the solution of these problems is extremely mechanical and reduces the labour 
of thinking to a minimum.” 


36. It is necessary to emphasise the fact that this early estimate of the value 
of the work is inadequate and misleading. One reason for this is, that, when the 
estimate was made, only a comparatively small portion of the contents of the 
manuscript had been understood, and that was by no means the most interesting 
portion of the work. 

37. The following is a summary list of the contents of the work as far as its 


present state allows of such analysis : — 

Section. 

Problems involving systems of linear equations ...... A 

Indeterminate equations of the second degree ... A & K 

Arithmetical progressions B & 0 

Quadratic equations . ....... f 1 

Approximate evaluations of square-roots . C 

Complex series ........ V 

Problems of the type x (1-aJ (l-a 2 ) . . (l-a n )«p . . . <J 

The computation of the fineness of gold . . . . . . .11 

Problems on income and expenditure, and profit and loss . . . . L, 1) & K 

Miscellaneous problems A1 

Mensuration. 


Such is a very rough outline of the work as it now stands. Perhaps the most inter- 
esting sections are C, A and M ; and of these C is the most complete and was evi- 
dently treated as of considerable importance. Section A is also of special interest 
as it contains examples which may be described as of the epanthem type. 
Section M is of interest principally on account of the methods of expressing the 
numerous measures involved and also because of its literary and social references. 

38. Although the work is arithmetical in form it would be misleading to de- 
scribe it as a simple arithmetical text-book. No algebraical symbolism is employed, 
but the solutions are often given in such a general form as to imply the complete 
general solution, i.e., the solutions, though arithmetical in form, are really gene- 
ralised arithmetic, or algebra. First of all a particular rule is given, which is 


Ind . Ant . XVTT, 1888, p. 33. 
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N on-mathematical elements. 

45. Many of the mathematical examples contain references to the affairs of 
gods and men and some of these references are of rather exceptional interest. The 
names of certain deities and semi-historical beings occur, and there are references 
to legends which may givo some clue as to the origin of the work. Of interest also 
are the animals, crops, metals, etc., mentioned. Before indulging in conjectures 
as to the significance of these references it will be convenient to exhibit them in 
some sort of order. 

46. Siva. The name of Siva occurs on a fragment (folio 50) that appears to 
exhibit a sort of colophon, in which the gift of calculation to the human race is 
attributed to the god. The actual name Siva occurs nowhere else, but another 
name of the god — Sulin is given on folio 34, where the example refers to certain 
offerings made to him. On folio 44, in a similar example, part of the expenditure 
is in offerings for Su°, and this, it is conjectured, stands for Sulin. The term Devi 
occurs (folio 49) and probably indicates Siva’s consort. 

The significance of these references (which all occur in section “ M ”) is em- 
phasised by Dr. Hoernle’s remarkable claim that the work is Buddhist or Jain.’ 
This appears to have been mere conjecture, for we find nothing whatever in the text 
that conflicts with the Saivism indicated. Neither is the authorship of the work 
by a follower of Siva in any way surprising, for, it may be noted, Kashmir Saivism 
began to re-flourish about the tenth century A.D., 1 2 and Kalhaija was a Saivite. 

Vasudeva is a name applied to Krishna. The phrase that occurs (folio 44) is 
vasudevasya chdrchanet. 

Suras and Asuras. Suras are generally classed as minor deities. In our text 
( folio 33) they are said to dwell on Sumeru. In the same context Asuras, demons 
or enemies of the gods, are contrasted with the Suras. 

Rakshakas are classed as evil spirits but are not generally very clearly defined. 
The term occurs on folio 65, recto (part of a double leaf, and perhaps not correctly 
placed in section J). The problem, which is concerned with jiva-loka, is not under- 
stood. 

Siddhas and Vidyadharas. These two terms occur together on folio 37, 
where the chariot of the Sun is said to be guided by the god Mahoraga among the 
Siddhas and Vidyadharas. The Siddhas are semi-divine beings of great holiness, 
who dwell in the region of the sky between the earth and the sun, while the Vidya- 
dharas are inferior deities inhabiting the same region. 

Mahoraga is Sesha or any other great serpent. The connexion between ser- 
pents and the Sun is supposed to be somewhat intimate in certain mythologies but 
I have not found the source of the present reference. 

«r 

47. Sita. The name Sita is not actually preserved in our text, but on folio 32 
is an example based upon her abduction by Ravaija. The tale is that Sita, the 
wife of Rama, was carried off through the air by Ravaija, and that, in order to 
attract the attention of her helpers, she tied up some jewellery in a garment and 


1 Ind. Ant. XVI I, 1888, p. .18. 

1 See R. G. Brandarkar, Vaishnavism, Saivism, etc., pp. 129431. 
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•dropped it to earth, and this circumstance forms the substance of the problem given 
in our text. 

Havana is mentioned on folio 32. See Sita. 

Partha, irritated in a fight, shot a quiver of arrows to slay Karna. With 
exact relationship between the two terms is not certain, but the problem in which 
they occur relates to the destruction of an army, and the question is how many 
arrows were used ? A very similar problem is given twice over by Bhaskara (Lil. 
67 ; Vij . Gar^. 133) as follows : — 

Partha, irritated in a fight, shot a quiver of arrows to slay Kama. With 
half of his arrows he parried those of his antagonist ; with four times 
the square-root of the quiver full he killed his horses ; with six arrows 
he slew Salya, with three he demolished the umbrella, and with one 
he cut off the head of the foe. Mow many were the arrows which 
Arjuna let fly ? 

In Bhaskara’s example Partha - Arjuna, the Panda va prince, but there is no con- 
nexion between him and the Haihayas. The Haihaya Arjuna was a great king but 
an altogether different individual. There is, however, little doubt that the examples 
in the two texts were connected, either directly or bv some common source. 1 

Arjuna is mentioned on folio 34 in an isolated phrase drjunena yriddhra 

Arjuna was connected with the Nagas and some contest with a form of Garucfa 

would not be out of place. 

48. Yudhishthira. On folio 37 is the isolated fragment raja yudhisthira 

nama Pandu varhSa which implies some familiarity with the great epic of 

India. 

Satrudama. A similar fragment occurs on folio 47 kaschid raja-humara 

fiatritdama If this prince could be identified the reference to him might prove 

a valuable clue. Compare fiatrughiia which has the same meaning. 

Sundari. On folio 34 SundarT, “ the beautiful one, ” is asked to solve the prob- 
lem, that is, she is addressed in exactly the same way as Lllavatl is in Bhaskara’s 
well-known work. Mere is either imitation or a common tradition. 

Chhajaka. The text ( i.e ., section “ M ”) is written by a Brahman, the son of 
Ohhajaka (folio 50). Possibly this name is the same as ftajjaka, which occurs 
several times in the Raj ata rang ini. Sajjaka was superintendent of the Seda office 
in Kalhana's time (XITth century), but thei’e is no real justification for connecting 
this individual with the author of our text. 

49. Besides these names of individuals there are references to various classes 
of men — kings, princes, priests, learned men, bankers, servants, soldiers, tax-collec- 
tors. Merchants not only appear in money transactions but, in one case, with 
Brahmans and others, as recipients of propitiatory gifts. Pandits and learned men 
are spoken of as earning wages, and two “ Rajputs ” are described as servants of 
a king. The problems are often addressed to an individual or individuals variously 
described as ** the best of calculators ” ( aanahottama ), “ wise ” or “ learned ” man 
( budha , prdjna, pandita, dharmajnaya, etc.), or “ friend.” 


1 The mathematical prototype is common in the Greek Anthology. 


D 
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50. The collection of animals is limited to elephants, horses, camels, cows,, 
buffaloes, snakes, a worm and a vulture. There is little of significance here, but 
the occurrence of camels points to the norih-west of India. There are, however, 
two classes of horses mentioned {asva, haya) ; for example, one problem deals with 
certain numbers of asva, haya, and ushtra (camel). Dr. Hoernle translated haya 
by “ yak,” which would be interesting if it were justifiable ; but on one occasion the 
two terms seem to be used synonymously (fol. 8) and the “ horse ” of an army are 
designated haya and turaga (fol. 47). 

Of food stuffs and other commodities we have wheat, barley, rice and saffron 
(this combination being of some significance 1 ) ; gold, iron, salt, molasses, and ( ?) 
lapis-lazuli ( ambhaloha ). 

51. The mention of a boat sailing against adverse winds is not necessarily 
“ local colouring ” but we must assume that it was, at least, comprehensible. 
Chariots ( ratha ) are mentioned three times — twice it is the chariot of the Sun, and 
on the third occasion the chariots form one section of an army, which is said to 
consist of chariots {ratha), elephants {yaja), foot soldiers {nara), and “horse" 
{haya) in the ratios 1 : 1:5: 3. Certain “ divisions ” of an army are also men- 
tioned, namely chamu, pritand, anlkini and akshauhini (fol. 47). 

52. The references to religious matters are few but are significant. We have 
already mentioned offerings to Siva, Devi and Vasudeva ; Brahmans also appear to 
have been fed ; other gifts are “ for the sake of reverence ” {pujdrtha), and for hopes 
for “ the future world” ( pamloka ), etc. The “supreme spirit” {paramdtmana) 
and ( ?) “creation” {srishti) are also referred to. 


Is the work homogeneous ? 

53. In my first examination of the manuscript I noticed that the writing was 
not uniform, and that, in particular, certain leaves differentiated themselves from 
the rest by a bolder and, on the whole, a better style of writing ; and I distinguished 
this set of leaves as the “ M ” section. This early differentiation was a most useful 
one for it marked not only a difference in style of writing but also one of matter. 
Indeed this “ M ” section proved to have so many peculiarities that the idea that 
it was possibly a separate work could not be ignored. But the rest of the manu- 
script is by no means uniform in style of writing or anything else, and I am not 
convinced that the “ M ” section is the work of a separate author, although I rather 
suspect that it is. It is, however, pretty certain that it was the work of a separate 
scri be ; but, as there are slight indications that the other portions of the manu- 
script were dictated, this does not affect the question of authorship conclusively. 
I cannot point to any definite evidence of dictation that would bear examination : 
it is rather an impression received. 

The peculiarities of the “ M ” section, although they may not prove hetero- 
geneity of workmanship, call for some special mention and are here summarised. 

I. The script. 

{a) The writing is bolder and, on the whole, more uniform than that of the 
•q.duosnu'Bra oqq. jo jso.t 


1 <4 Saffron (hinfotma ) has to the present Hay remained a famous product of Kashmir.*' Stein, R&jataranginl II, 428. Wr- 
ought also to mention birch-bark, although there is no reference to it in the text. 



{b) Flourishes or extensions of the bottom end-strokes are common. These 
flourishes occur particularly at the end of ligatures, but also in the 
cases of the numeral figures “ 5,” “ 7 ” and “ 9,” and even in the case 
of the stop bars, and occasionally they even occur at the ends of the 
frame-works of the “ cells ”(e.g., see fol. 47, etc.). 

(c) The numerical symbols of section “ M ” are shown in Table IV (7) line 

1, where the looped “ 6 ” should be noted. This is a useful but not an 
infallible criterion. 

(d) The following table relating to the formation of the medial vowels a, i and 

o is taken from Part II. 



Medial 

ai 


Medial o l 



ai 

'ai 

o 

\ . 

0 

'o' 

‘ M ’ section 

0# 

100# 

32# 

CO 

tc. 

36# 

Whole manuscript 

24# 

76# 

75# 

15# 

10# 


Here the indication appears to be very definite indeed, but it must 
be borne in mind that such criteria only apply in the mass, that the 
total number of di examples is only 19, and so on.* For a fuller dis- 
cussion of these interesting statistics see Part II. 

II. It is curious that all the mythological and semi-historical references (see 
Sections 46 — 48) occur in the “ M ” section. Indeed this section is peculiarly 
Hindu in contrast with the remainder of the manuscript. 

III. The mathematical contents of the M ” section may be described as mis- 
cellaneous problems, which are generally solved by simple “ rule of three ” ; but 
a special feature is the occurrence of numerous “ measures ” and a special method 
of exhibiting their change-ratios. But, of course, these points in no way indicate 
a separate work — rather otherwise — for if section “M” were an entirely different 
work we might expect some duplication, and there is none here. 

IV. The method of exposition is somewhat different. The example is followed 
by a statement and the answer is then given, generally, without any detailed work- 
ing, and generally there is no “ proof ” or verification. There are, however, excep- 
tions. 

V. There are differences in language. Certain technical terms that are ex- 
tremely common in the rest of the manuscript do not occur, e.g., pratyaya, yuta. 


i The symbols used here are merely mnemonic. See page 95. 
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CHAPTER V. 

Exposition and Method. 

54. The text consists of rules ( sutras ) and examples. There is no explanation 
whatever of the processes by which the rules were obtained, that is, there is no 
mathematical theory at all. In this the work follows the usual Indian fashion, as- 
exhibited in all early texts. But there is a good deal of mathematical theory im- 
plied, and the rules and examples are often set forth in such a way as to convey the 
principles followed quite clearly to the student. 

55. The rules ( sutras ) are written in verse and are generally numbered ; and 
often in the solutions of the examples phrases from the sutras are quoted. When 
Dr. Hoernle tried to re-arrange the leaves of the manuscript, he took the numbered 
sutras as the basis of his order, but they were too few in number to lead to a satis- 
factory result. These sutras do not represent, as might be expected, the most 
valuable part of the text. They are usually of particular application rather than 
general and are often very obscurely expressed. 

56. The examples given are generally formally stated in full — without the use 
of notation or abbreviation of any kind ; and in most cases they are stated in verse. 
They are introduced by the term add, an abbreviation for uddharanarii “ an ex- 
ample.” After the question sometimes comes a formal statement with numerical 
symbols and abbreviations, often arranged in cells. Then comes the solution or 
working ( karana ), and here, sometimes, fragments of the sutras are quoted. 
Finally come demonstrations — often more of the nature of verification than proof. 
Generally these demonstrations, by the aid of the answer found to the question, 
rediscover one of the original elements of the problem ; and sometimes several such 
demonstrations are attached to an individual problem, but sometimes the variation 
is merely a matter of the form of statement. 

The full scheme of exposition is therefore — 

Siit ram or rule. 

Uddharanarii or “ example ” : indicated by vdd°. 

Sthdpanam cr “ statement.” 

Karanam or “ solution.” 

Pratyayam or “ verification.” 


The end of each sutra is marked after the last example by the device — •— 
and the number of the sutra is also given at the end. f 

57. The method of grouping sets of figures is of interest, and shows features 
in common wdth mediaeval Sanskrit mathematical manuscripts, where also it is 
the practice to place groups of numbers in cells. Tn our manuscript, however, this 
fashion is rather more elaborated than in any Sanskrit manuscript I have examin- 
ed. The nfathematical possibilities of this scheme do not appear to have been 
realised and the student must always be careful to interpret any group of figures 
from the context, and not from any similarity with other groupings. However 
there is a certain amount of consistency in the arrangements, as the examples ex- 
hibited below will show. The real purpose of the arrangements appears to be to 
prevent confusion by demarcating the numerical figures from the text itself. The 
text is often written almost independently of the figure groups, and a word may be 
arbitrarily divided by the cell arrangement, which mav also cut into several lines 
of the text not necessarily connected with it. The economic necessity of utilising 
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the whole of the writing surface of the birck-bark available seems to have been the 
determining factor. The text itself should be consulted but the following examples 
naay be helpful : — 

(а) Integral numbers occasionally occur without any marking off b}' lines 

or cells, but often 

(б) each integral number has a cell to itself, e.g. 


1 l 


t*2 


H9 


(c) Sometimes an integer is marked off by two vertical bars : thus | 14 | 

and invariably a series of integers is thus demarcated, v.g. 

| 20 | 40 | 60 | 80 [ evaiii 200 || 


(d) Fractions and groups of fractions are placed in cells or groups of cells. 

eg- 


(i) 

(iv) 


132 I 

(ii) 

! 6055040625 

! (iii) 

1 

1 1 1 

33 

1 3227520000 

1 

4 

3 6 12 

1 | 


(v) 40 

(vi) 

21 

(vii) 7 

i ! 


1 


20 

12 

3 

i 


\ + 


21 

12 


4 

1 

5 


+ 


+ 


(e) Complete sets of operations are sometimes marked off in a similar man- 
ner. For example, (d) (iii) means £ + £ + £ i ^ ; ( d ) (iv) means (1+lr) 

(l + ±) (1+ 5 ); ( rf ) ( v ) 40 (1-i) (1-i) (1- \)- 
(/) Series of operations may be connected together by cell arrangements, 
for example 

2 di° 

1 
2 


3 dl° 

1 

2 

4 df° 
1 

2 


| 1 

di° 

100000 

di° 

phalarh 

di° 

60000 

! i 


947 



947 

1 2 


i 





1 

di° 

157500 

dl° 

phalam 

! 

di° 

60000 

1 

1 3 


947 



947 

1 

di° 

216000 

di° 

phalam 

di° 

60000 

1 


947 



947 


which means 


2\ dinaras : 1£ days 

. . 100,000 

• 947 

dinaras 

. 60,000 
* 047 

days 

3* „ 

■ H „ 

. . 157,500 

• • 947 

J 9 

. 60,000 
• 947 


4} 

: n 

. . 210,000 
■ • 9i7 

JJ 

. 60,000 
* 947 
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(g) The data of the problem and the solution may be indicated in one com- 
bined statement, e.g. 

16 4 a° chhe° 2187* ! phalaih 6ara 2624400 

1,1 1 

1 ! 

4 
1 

3 j 

This is a statement of proportion where the second term means 16 (1 + i) (1 + 4) and 
the number marked with an asterisk is a change-ratio. 


! 0 

2 1 

3 3 

12 

4 

dri° 300 

! 1 

1 1 

1 1 

1 

1 

1 


may be roughly expressed by means of x + 2x + 3 x 3x + 12 x 4x = 300 

58. The use in our text of the sexagesimal notation in the form in which it 
occurs is of rather special interest, for there is, as far as I know, no other example 
of the kind in any of the classical Sanskrit works. The Hindus, from Aryabhata 
onwards, were well aware of the advantages of the sexagesimal notation for astrono- 
mical purposes, but they never used it for arithmetical purposes. 

Apparently there is only one purely arithmetical example of the use in the 
text ana this example occurs, in connexion with a problem in arithmetical progres- 
sion, on folio 6, verso, and 7, recto, where the fraction 178/29 is expressed 
as 6 + 8' i- 16“+ 33‘" + 6 ,T ,v This sexagesimal fraction is actually written thus — 



I 

I 


6 

8 

60 

16 cha° 
60 

33 li° 


60 

6 vi° 
60 

se° 6 
29 


The upper three figures are missing in the manuscript but the restoration is certain. 
Of the abbreviations li° stands for liptd (Gk. lepte) which in Sanskrit works or- 
dinarily im*nns a minute of arc, or the sixtieth part of a degree ; vi° stands for 
viUptii , ordinarily a second of arc 1 : while 4e° stands for sesham or “ remainder.” 

The purely arithmetical (and perfectly legitimate) use of the notation here 
points to extra-India influence, for, although such a use is unknown in Sanskrit 
works, it was extremely common in mediaeval Muslim works. 


1 On folio 37, verso ; liptd and viliptd are used * astronomically. 
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It will be noticed that the term lipta here applies to “ third parts ” instead of 
“ first parts,” and viliptd to " fourth parts.” The abbreviation cha° has not yet 
been traced to its origin. 

59. The modern place-value arithmetical notation is employed throughout the 
text and there is not the slightest indication that, to the author, it was a new r or 
strange invention. There is nothing in the slightest degree remarkable in the 
employment of this notation in the text, neither is there in the text the slightest 
indication of any other evidence that makes the employment of this notation in any 
way particularly noteworthy ; but its occurrence in the text has been given an arti- 
ficial importance by the arguments of Dr. Hoernle and Dr. Biihler about the age 
ot the work. This topic will be discussed in some detail in the chapter dealing with 
the age of the manuscript and the age of the work. 

60. As already indicated algebraic symbols are not generally employed, but a 
symbol for the unknown quantity is. This symbol is the arithmetical symbol • for 
"nought” or "zero,” and on several occasions it is referred to by the term 6unya 
“ empty,” “ a cypher,” and in some places by sun y a s than a or " empty place.” 1 

The symbol occurs some twenty times but only in sections B, 0, F, G, IT, K. 
Its employment is illustrated in the following examples : — 

(i) j a° 1 u° l pa° • labdham 10 

I I ! 1 ! 1 I 1 

This is a “ statement ” of an arithmetical progression where the first term is 1, the 
common difference is 1, the number of terms is unknown, and the " quotient ” is 10 
(where 10x = the sum of the series). Here the symbol • simply indicates that the 
number of terms ( pada ) is unknown, i.e., that the place in the statement is empty. 
The symbol does not enter into any operation here or elsewhere. The giving it a 
denominator of unity is curious and really indicates that it is an integral number. 


a 0 5 

u° 6 

pa° • 

dha° . 

1 

1 

1 

1 

a° 10 

u° 3 

pa° • 

dha° . 

1 

1 

1 

1 


Here are two equivalent arithmetical progressions in which the numbers of terms 
are equal and the sums also are the same in both cases, but both are unknown. 


(iii) 


1 


111 
1 1 1 

3 3 3 


1 bha° Se° 16 j 

1 1 

3 


which means x = 16/(1 -^) (l-£) (1 — -fc) ( 1 — A) and since this is a deduction from a 
problem it is a distinct step towards a proper algebraic symbQlism. 

(iv) * 2 3 4 dyishya 200 I 

1 1 1 _ 1 1 

which may be represented by x + 2x + 3x + 4x = 200. But the method of solution is 
by the regula falsi. Any number is put in the place of the • and the sum of the 


1 In Hindu works proper the dot is the symbol for negative quantity, and the zero symbol la a small circle. 
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series is obtained. Here the given sum multiplied by the assumed value and 
divided by the (false) sum is the correct solution. The connexion between this 
method and that of operating with unknown quantities is discussed later on. 

(v) • •> yu mu • sa • 7 mu • 

11 1 11 1 


which means x + 5 = s 2 , x- 7-t 2 . Here the symbol 1 stands for three different un 
known quantities, it simply indicates in each case an unknown number. 


Negative sign. 

61. The only distinct mathematical symbol employed is the sign for a negative 
quantity, which takes the form of a cross + placed after the number affected. This 
is peculiar and has given rise to discussion. In Sanskrit manuscripts a dot before 
the quantity affected is the usual method of indicating a negative quantity. In 
the transliteration of the text the original negative sign ( + ) is, perhaps illogically, 
preserved ; but it is a rather special feature of the manuscript, easily printed, and 
leading to no ambiguity. 

On this negative sign Dr. Hoernle writes 1 : 


*• Here, therefore, there appears to he a mark of great antiquity. As to its origin T am unable to suggest 
any satisfactory explanation. I have been informed by Dr. Thibaut of Benares that Diophantos in his 
Greek arithmetic uses the letter \J/ (short for D.A«i\ki$) reversed (thus to indicate the negative quantity. 
There is undoubtedly a slight resemblance between the two signs; but considering that the Hindus did not 
get their elements of the arithmetical science from the Greeks , 2 a native Indian origin of the negative 
sign seems more probable. It is not uncommon in Indian arithmetic to indicate a particular factum 

by the initial syllable of a word of that import subjoined to the terms which compose it The only 

plausible suggestion I can make is, that it is the abbreviation ( ka ) of the word kamta , diminished.” (ife 
also points out that the letter k in its ancient shape as used in the Asoka inscriptions is a cross and goes 
on to say) “ Another suggestion is, that the sign represents the syllable nu, an abbreviation of nyuna, 
‘ diminished. ’ The akshara for nu (or nu) in the Asoka characters would very closely resemble a cross (•+•) 
However for the present, the question must be left an open one.” 

With this last remark I agree and I would at the same time point out the 
danger of attempting to trace an isolated symbolic form back through the ages. 
The suggested connexion with A6oka times is only part of the special pleading for 
the extreme antiquity of our manuscript. The striking resemblance with the Dio- 
phantine symbol, so lightly discarded by Dr. Hoernle, is of interest, but lacks sup- 
port, From the time of Diophantus to the time of the Bakhshali manuscript is 
too great 3 to allow us to ignore the lack of other examples 


Abbreviations. 

62. Abbreviations are employed to such an extent as to become, at 
times, embarrassing, and they embrace almost every type of term. None 
of these abbreviations is used in an algebraic sense, although, at first sight, when 
we find a°, v°, pa° used consistently for the elements of an arithmetical progression, 
an algebraic symbolism does not seem very far off. But a°, ha°, u°, go° are the 
abbreviations of names of animals, ya ° , go° and sa° of plants, etc., etc. The names 


1 Indian Antiquary, xvii (1888), p. 34. 

1 They got a <*ood deal from them, and practically all their later astronomy came from the Greeks. 

% But Dr. Hoomh* assumes that the BakhRh&I! text was practically contemporaneous with Diophantus ! 
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of measures, which are numerous, are nearly always abbreviated. Certain 
common terms of operation are often abbreviated, and of these the following occurs 
most often — 

bhd° for bhdga, placed after a term to indicate that it is a divisor. 

^e° for Sesharh , a remainder. 

rnu° for mularh, a root, a quantity that has a root, capital. 
yha° for phalam, an answer, 
etc., etc. 

Indeed the writers seem to have used abbreviations whenever there was no 
ambiguity incurred in their own minds. We are not so fortunately placed in this 
matter and occasionally it has been impossible to rediscover the term implied. 


Fundamental operations. 


63. In the classical Sanskrit works there is generally very little formal infor- 
mation about mathematical principles and method. Axioms or postulates seldom 
or never occur and strict definition is seldom attempted. Rules arc of particular 
application rather than general ; order appears to have been a matter of conveni- 
ence rather than logic ; and the fundamental operations receive scanty attention. 
In a work that is essentially Indian in form we must not, therefore, expect much 
formal attention to such matters, and, indeed, in the Bakhshall text there is little 
We cannot even tell how the detailed processes of such operations as multiplication 
and division were actually performed. All that remains are the formal statements 
of terms and results, and all I can now present are examples of such statements. 

I 

64. Examples of addition 


(h) 


(a) 

960 

64 yutarh 

j atarii 

(b) 1 

10 

3 

sa ruparii 

13 

3 

(c) 

2 

rupa samyutaih | 3 

( d ) 

840 

49 datva jataiii 

(e) 

924 | 

836 | 798 | e 

(/) 

120 | 

90 | 80 

1 75 

(9) : 

120 

90 

80 

75 

12 

evaih 377 


10 


30 


90 


ekatram 


130 

1 


(o) 960 and 64 added : 1024 is produced, (b) V P' UB unity— y. (e) 2 ami unity added together =3, (d) 49 having been given 
to 840 889 is produced, (e) 924, 838, 798 : the sum of these may he determined : they produce 2' 558. (/) 120, 90, 80, 75, 72 : the 
sum of these is made : they produce 437. ( g ) 120, 90. 80, 75, 12 : thus 377. (h) 10. 30. 90 : altogether 130. 

E 
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7 anena yutarh 


(i) 


29 

48 

58 


36 

48 

58 


(k) \ 5 ie l 

1 16 


10 6e 15 
16 


evam 16 


(/) 45 sardha tray a yutam 52 

2 2 


65. Examples of subtraction 

(a) | 5 | 9 | visesham j 4 j 


(b) 

! 3 

2 

vi^eshaiii 

1 


1 2 

1 


_ 2 


(c) 


rahitarh jatam I 2 


(d) 6 | 3 6uddhi I 3 


42 tryunam 39, 


vi^oddhya 


(e) 

(/) 

(?) 


66. Examples of multiplication, 
(a) I 2 I dvigunarii j 4 


77 

294 | patya 6esham 

217 

11 

11 

11 


(b) 

(c) 

{dr 


30 | ashta gunam j 240 

guflita jatam 16 


2 

5 


40 

1 


4 1 
1 1 


i + 


guflita jata 27 

8 


(t) by this (7) increased =36^. (it) 5 T y + 10} J thus 16. ( l ) V with three and a half added=y. 

(a) 6, 9 : the difference is 4. (6) }. 2 : the difference is J. (e) 6, 3 : subtracted, 2 is produced, (d) 6, 3'» the difference is 3. 

(e) 42 less three is 39. (/) 3, 7 : having subtracted, 4. (<7) W : having subtracted the difference is 2}} . 

(a) 2 multiplied by two=*4. (6) 30 multiplied by eight - 240. (c) 4 and 40 multiplied : 16 is produced, (d) 1—4 and 44 multi- 
plied y is produced. 
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He) 


(h) 

(*) 

(7) 

(k) 

(D 

(m) 


6 

1 


+ 


anena gupitarii jataiii 4 

J 

1 2 


(/) 

2 

3 / 

4 | 

gupita jatam 2 



4 

5 i 

5 

(9) 1 

1 40 

! 

1 phalaih 

16 


1 

3 
1 

4 
1 

5 


-f 

+ 

+ 


3(4 abhyasarh 12 
8 atma gunam 64 

guoita jataiii 


880 ! 964 

84 | 168 

737 ] 

58 r 


848320 

14112 


178 

29 


anena guijitarii jatam 


65593 

841 


108625 ; pada-ghna f 6455949625 

65600 ! ! 3227520000 


405280 

38724 


44004 sarhguiiya jatam 179945781120 
77448 ‘ 2999096352 


67. Division. Fractional quantities are expressed in the usual Indian way 
with the numerator written above the denominator without any dividing line, and 
they are usually placed in cells. This indication of the operation of division often 
does away with the necessity for an explanatory word or phrase. 


Examples of division. 

(a) ; 168 

4 


168 

6 


168 

7 


labdhaih 42 | 28 | 24 


(b) | 4 | vibhaktam 


1 l 35 gunitam 


36 

4 


(c) 


10 


vibhaktvam 10 I 
! 3 


(e) 6 and 1 — by this (}) multiplied, 4J is produced. (/) $, J, $ multiplied, $ is produced, (if) 40 (1~ $) (I — Jd (1— i) 
=■10. (A) 3, 4: the product is 12. (t) 8 multiplied by itself =04. (j) multiplied; is produced, (k) 

by this (VV) multiplied, is produced, (i) multiplied by the number of terms (JUJft) = ( m ) : 

Vtf# : having multiplied these together * 8 Produced. 

(a) Zibdh'un —quotient, (h) This periphrastic exposition is common — the divisor is turned into a multiplier by being inverted* 
The example here means : 4 divided which multiplied into 35= V* ( c ) 10,3: having divided*® 1 ;}. 

E 2 



30 


(i d ) 447 dalita 447 

29 58 


(e) 

132 

vartyam jatam 

f 4 


33 


1 

(/) 

798 

projjhya 798 



1463 



(g) 2 558 chchheda projjhyam 

1095 

(h) I 

60' 1 

anena dyishyam bhajitam 



1 300 

60 1 



Square-root.. 

68. The method of extracting square-roots exhibited in the text is of special 
interest. The rule is much mutilated but as it is given on three separate occasions 
the fragments pieced together enable us to give the complete sutra : 

akrite slisht-ha kyityuna 6esha chchhedo dvisamgunah tad vargafr dala 
samslishtha hriti suddhi kriti kshayab 

This means somewhat as follows : — 


The mixed surd is lessened by the square portion and the difference divided 
by twice that. The difference is divided by the quantity and half 
that squared is the loss. 

Then follows a note to the effect that “ by means of this rule an approximation 
(aiiaya) to the proper root of a mixed quantity is found . . . 


The rule as it stands is cryptic and hardly translatable, but fortunately there 
are examples given in some detail, and these show that the rule was extended to 
“ second approximations.” 


The rule means that the first approximation to v/Q= v/A 2 + b is A + b/2A or q t ; but qj— Q=(b/2A) 2 
= <V 

No rule for ‘.second approximations’ is preserved but there are several examples; and, of course, 
no fresh rule is really required, 1 for n/Q = y/q jf — tyS’q, - e,/2q 1= > A+ 8X» + 4Ab> and the ‘second error’ may be 
indicated by e 2 = (e, /2q,) 3 ^-- (§^) 4, /‘t(A + Tkf ' 


(d) 4 d V halved- -W* W reduced gives 4. (/) Having discarded the denominator T yy* f becomes 798. (g) 2558 1463 = 

1095 where 1463 is the denominator of the fraction, (h) Bv this (60) the known quantity (300) is divided and ^ of 300=5. 


1 


Koto that if x 2 -f b“ r then r=A + 


b 

2A+ 


b 

2A + 


b 

2A + 


but not r"sssA + 


b 

2A 4- 


b 

2 A 


= A + 


2Ab # 
4A*+b 


The text uses r a + ^ , r "'= a+jj- b_ , aaum b* 

2A+ “ i “8A'+4Ab » 
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All the examples preserved belong to section C and appear to be merely subsi- 
diary to the solution of certain quadratic equations arising out of problems in 
arithmetical progressions. These problems will be found fully worked out in § 86 
and I give here merely a summary of the square-root evaluations. 


45 


745 


(i) v /41« v /36 + 5 and q x = 6 ^ while 61 = 144 and q s = 0j^ 


(ii) + 5 and q t = 10-^-; ; q, = 10~— 1« 

2 x 10 J 


1600 
14112 ’ 


“ * 0 328 ' ° s — (rr^Toj) ^ 

(iii) y/ 481 =v/'2P+T0t ; qi = 2lg 5 

.. - 21 ? 2 _/' 20 V /2 x 21 20 - 21 9020 - °«- 1 21 40 V - lfi00<)0 

<ls "' il 2i W / Z1 21“ 21 9081’ 8 “8 W '\ W = 2(999.090,352 

(iv) y/m = y/W+4S ; q l = 29 4 5 8 8 ; £- = £(£) 2 =^. 

(v) v/83«009 = v/579* + 7e8j ^ = 579^; q 2 -57'J^’ 22 ^ ; 

Oj _ 21,743,271,936 

8d — 7,250, 483.394,675,000, 000* 


69. There is not much doubt about the exegesis of the rule. It was neither 
connected with continued fractions nor with the so-called Pellian equation. 1 
Brahmagupta gave the converse of the rule, namely (A + x) 3 ^ A 3 +2Ax from which 
the square-root rule given in our text is immediately deducible. But, as already 
pointed out, the square-root rule itself w;is not used by the Hindus and was not 
even noticed by them until the sixteenth century. 2 Indeed the Hindus had a very 
good practical rule of their own, which was given by ftrldhara ( Trisatika , 46) and 
Bhaskara ( Lildvati , 138), namely — “ Multiply the quantity whose square-root 
cannot be found by any large square number, take the square-root of the product 
— leaving out of account the remainder— and divide by the square-root of the multi- 
plier/’ For example v/41=V41 x 1000000 : 1000^ 6 403 + 

This rule was used in conjunction with the usual modern scholastic square- 
root rule, which dates at least from the time of Heron. 

The examples in the text may be further conveniently summarised thus 


Q 

qi 

<h 

q (approximately 
correct) . 

41 

6-41667 

6-40313 

6 403124 

481 

219524 

21-9307.. 

21 9317122 

889 

29-828 . . 


29-8161030 

336009 

579664 

5796615 

579-65 . . . . 


* In the text we find and not e by itself, for reasons explained in §85. 

f Tho form yJsi « % /22 2 — 3 n* 22— 21^ suggests itself ; but the negative sign does not appear to have been used in first 

approximations. 

Note . — The Appendix to Chapter vi (page 53) may be helpful to those who are interested in the details of the calculations. 

1 For a full discussion of the topic see P. Tannery Mimoires scientifiques , I, pp. 189ff. ; and II, pp. 157 fl. 

1 A short historical note is given on page 45. 



“ Rule of three ” 


70. The term trairatika “ relating to three quantities ” occurs about a dozen 
times — always employed in the sense of arithmetical proportion. Most often it 
occurs in the phrase pratyaya trai-rd&ikena or “ proof by the rule of three ’ and the 
proportion is generally set out in the following manner — 



phalaiii 18 
1 


which means £ : 11 : : 4 : 18. 


The term trairCiHka is orthodox but the term phalarh is used throughout our 
text quite appropriately as equivalent to “ answer ”, and is not applied to the second 
term of a proportion as in the TAldvati. 


There are very many examples of the “ rule of three ” used either as the direct 
method of solution or as a proof. There are also some very much damaged ex- 
amples of what appear to be problems in so-called compound proportion. There 
is nothing of the nature of a theory of proportion discussed but several examples 
of the following principle occur — 


If 


_ *bi 

~ 1>2 


A 2a A 

It,’ tl,en ib - n' 


Regula falsi. 

71. The rule of “ false position ” or “supposition ” is used in two ways in our 
text 1 in solving linear equations. 

(i) f (x)=p is solved by assuming a value e for x. This gives f(e) = p' and the 
correct value of x is ep / p' 

An example is 

The amount received by the first is not known. The second receives twice 
as much as the first, the third thrice as much as the first two and the 
fourth four times as much as all the others. Altogether they receive 
300. How much did the first receive ? 

Suppose the first receives one, then the second receives 2, the third 9, and the 
fourth 48 ; or altogether they receive 60. Actually, therefore, the first received 
300/60 = 5. 

<* 

(ii) Tff(x)=p reduces to bx + c = p and f(e)=p' reduces to be + c=p' 
then x = (p — p') / b + e, which appears to have been considered useful when it was de- 
sired to keep b and c unchanged. 


1 No rule is preserved in the text but Bh&skara gives the following ( Lil&mti, 50). 

•* Any number assumed at pleasure is treated a* specified in the particular question, being multiplied and divided, raised and 
diminished by fractions ; then the given quantity, being multiplied by the assumed number and divided by the result yields the 
number sought.” 
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For example if x I + x,=a 1 , x, + x, = a», x, + x x = a, 

we have 2x x + (a,-a x )=a, ; and if in place of x we put e then 2e + (a,-a,) = a'« and 
the correct value of x x is (a,-a',)/2 + e 

72. This rule of “ false position ” is interesting as being, in a way, a precursor 
of algebraic symbolism. It connotes the idea of an unknown quantity and even of 
a symbol for that quantity ( e.g ., as in our text) but it does not embrace the notion 
of such a quantity being subject to operation or being isolated. As soon as we in- 
troduce algebraic symbols the rule, as it were, disappears. Algebraically the rule 
solves bx=p by x = ep/p' where p' = be, which shows that the transformation from 
bx = ptox = p/b was not conceived. 

There is no algebraic symbolism in our text but it may be noted that Bhaskara 
gives both the regula falsi and also an early form of algebraic symbolism. Neither 
Aryabhata, Brahmagupta nor Srldhara gives this rule or makes use of the prin- 
ciple. Its occurrence in the Lildvati therefore seems to indicate that it was intro- 
duced into northern India after the time of Srldrara (Xlth cent.). Mahavlra 
(IXth cent.), however, uses the method in rather a special way in connexion with 
a geometrical problem. 1 * 


The rupona method . 

73. There are several references to the rupona method, and the phrases rupona 
karanena or pratyaya rupona karanena occur. In all the cases the application is 
to the summation of a series of terms in arithmetical progression according to the 
rule 

s = [ (t- 1) d/2 + a] t 

The recurrence of the phrase rupona karanena seems to imply that the rule in 
question began with the term rupona which corresponds to the (t-1) of the for- 
mula. 3 The rule is not preserved in our text but we find the following in the 
Ganita Sara-sangraha of Mahavlra (ii, 63) 

rupenono gachchho dali kfitab pra chayatadi to mi^rafi | 
prabhavena padabhyas tas sankalitam bhavati sarvesham || 

“ The number of terms is diminished by one, halved and multiplied by the increment. This when 
combined with the first term of the series ant) multiplied by the number of terms becomes the sum of all." 


The rule is exemplified in two ways in our text of which the following are parti- 
cular cases : — 


(i) 

a° 1 

u° 1 

pa° 19 


1 1 

1 1 

1 


rupoua karaneija phalam 


190 

1 


which means : “ a = 1, d = 1, t = 19 ; by the rupona method the answer is s = 190.” 

Similar bare summaries of the “ rupona ” method are found in section “ B ” 
mainly. 


1 Qanita Sara-sangraha vii, 112. 

1 Is this a faint echo of Pythagorean style ? Anatolius writes : “ The Pythagoreans state that their master, in connexion 
with numbers that form a right-angled triangle, showed how such could be composed by means of unity.” i>., [$ (a* — l)] f 4- a*~~- 

i (a* -t-1)*. See P. Tannery Mbnoires scientifiques, iii, 14. 
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(ii) In section " C ” the application of the rupona method is always worked 
out step by step. For example' when a = 5, d = 3, t=» 178/29 ; then s = ((t— l)j + 5 ) t ; 
and the rupona method is applied as follows : — 

t— 1-1 49 - ‘1 x 14 ?_ 447 . 447 » _447. 447 r 737 737 178 __ 65693 _ 7 „836 

29 ’ 29 — 29’ 29 X a 58 ’ 58 + 0 ~ 68 ’ 58 X 29 * 841 —7/ 841 ; 


Proofs. 

74. To many solutions are attached proofs, which are generally introduced by 
the term pratyayam “ proof ” or “ verification.” This is sometimes amplified into 
prat yaya-trai-rdsikena “ proof by the rule of three,” or pratyaya-rupona-kamnena, 
“ proof by the rupona method.” 


Sometimes the “ proof ” seems to be merely a matter of rewriting a statement 
in another form, but generally the answer is utilised and one of the original terms 
of the problem is rediscovered. Occasionally the “ proof ” consists of a solution of 
the original problem in another way, e.cj., by steps ; but sometimes it deals with a 
subsidiary aspect of the original problem. In certan problems approximations 
are employed and then the “ proof ” may be described as a process of reconciliation. 
These “ reconciliations ” entail a comparatively high degree of mathematical skill. 
Occasionally several different proofs are attached to a problem. The following are 
specimens. 


(1) Problem. §t-7=$t+7 

Solution . t = 2 X 7/ — j! ^ = 30 

Proof. 3:5:: 30: 50, 5:6 : : 30: 36 and 50-7 = 36 + 7 


(2) Problem. A gives 2’- in 1^ days, B gives 3J in 1^ days, C gives 4| in 1^ days. In what time 
will they have given 500 dinaras altogether ? 

, . J 222 60,000 , 

Solution. t=2± 3£ , 4A = days; 

h + iru 

and A gives 100,000/947, B gives 157,000/947, C gives 216,000/947 dfn&ras. 

Proof. 2 4 : 1 1 : : 1 00,000 / 947 : 60,000 / 947 
3$ : 1£ : : 167,000 / 947 : 60,000 / 947 
4$:1£: : 216,000/ 947 : 60,000/ 947 


(3) Problem. One earns e and spends f daily. How long will a capital of C last? 
Solution. t = C/(f-e) 

Proof. l:f::t:F (the total expenditure) 

1 :e: :t:E (the total earnings) and F-E = C. 
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(4) Problem. If 7 are bought for 2 and 6 sold for 3, and the capital is 24, what will be the profit? 


Solution. 

p«C (c/«-l)-24 f l - !| 1) = 18. 

Proof. 2 

: 7 : : 24 : 84 (the number of articles) 

and 6 

: 3 : : 84 : 42 (the total proceeds), and 42-24* 

or — 1 : 

c : : C : n , s : 1 : : n : C + p and C -f p - C=» 

(5) Problem, x 

D-x-280. 

Solution. 

x- 280/(1- -ft) -400. 

Proof. 

400/2- 200, 400 - 200 = 200, 


200/4- 50, 200-50-150, 


150/5= 30, 150-30=120, and 400-120-280 

(6) Problem. 

1 + 1 (2 + 1 (3 + 5(4+ f (5 + *))))• 

Solution. 

9a 

“ 16 

Proof. (((((U - 1) 2 - 2) 2 - 3) - 4) * - 5 - J) -0. 

(7) Problem. 

Solve x + 5 = s 2 , x-7 = t*. 

Solution. 

-*))’ + »“ >1- 

Proof. 

ll + 6«4 a 11-7 =2 2 

(8) Problem. 

-i(D+ J <21 +!<*)+ 

* *“ i + 2 + a + 4 

Solution. 

,, 162 + 60 16a 

* ” 10 ~ 000 - 

Proof. 

10 : 163/60 : : 1 : 163/600 


10 : 163/60 : : 2 : 163/300 


10 : 163/60 : : 3 : 163/200 


10 : 163/60 : : 4 : 163/150, 

or, since F = , 2w : Efxw : : w r : w r F. 

(9) Problem. 

Dt = ((t-1) d/2 + a) t. 

Solution. 

t = 2 (D - a)/d + 1. 


Proof by the ripona method: s=( (t— 1) ^- + a)t and Dt — s 
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(10) Problem. s= ((t - l)d/2 + a) t. 

Solution. t = |\/(2a - d) 2 +8s - (2a - d) ) -r2d. 

Generally the solution is an approximation t t or t 2 depending on the method of 
evaluation of the surd quantity ; and the rupona method gives s t or s a , neither of 
which is the same as the original s. A process of reconciliation is therefore called 
for, and this is given by s - s = e / 8d where 4 is the approximation to s given by the 
proof and e may be termed the square-root error. 

Problem . a— 1, d-^1, 8 ^ 60. 


First solution. t,= { ^(21 - 1) 2 + 480 - 1 } 4-2-1= - l)-r2= 

jp • , t i / 1 i \ c% 88 J 964 818,3*20 

First proof. ~ tj (t, + 1)^-2 = g4 X lug = 



and 8 = s t 


c, _848J2O-lG00 
8a - 14112 


60. 


Second solution. 


. ( 424,042 ,, . o _ 405,280 

V 19360 V - '-* 38724 


C / „ „ 403,280 444,004 179,945,941.120 v , _/40\4 . /oi , 40\2 , e, 160,000 

second proof. s 2 = ; , 8724 x 7744s — 2,999,096,352 ' J 0 3 ~ (42) ' 4 ( 1 + 42/ ant * 8d — 2,989;096,352 ’ 

„„J „ „ * IQA 179,945,781,120 „ n 

and s=»s 2 e a /8d— 295 , 9090,352 — 

(11) 'l 'he problems in section “ G ” are characterised by numerous proofs — as many as five separate 
proofs being attached to one example. The following is fairly typical: — 

Problem. x = 500(l - *)(1 - *)(1 - *)(1 - £). 


Solution. 


x — 158 


13 

64 


Proof(i). x'(l-i)(l-l)(l-i)(l-i) = 158g 4 , whence x'-500. This is written horieontally. 


Proof (ii). x f (l — D(1 — 4 )(1 — 4 )(1 — 4) — 158^, whence x' — 500. ’This is written vertically. 


Proof (iii). 

Proof (iv). 


(i i) (i-iM'-b(‘-t) 
By steps. 


= 500. 


500-^4 = 125, 500-125=376; 


375 + 4 = 93*, 375 - 93f = 281^; 

281i-4 = 70 f \, 284-70^ = 210^; 
010*^4 = 62 . 4 , 21iqt- 624 = 158^|. 


Solutions. 


75. The solutions are sometimes very detailed, proceeding most careiully step 
by step, so that they become expositions in general terms of the processes involved. 
Also they often give actual quotations from the rules — to such an extent sometimes 
that the original wording of the rule can be reconstructed. Unfortunately, how- 
ever, such helpful suggestions are more often missing than not : in many cases the 
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particular portions of the manuscript are lacking or damaged beyond repair. In 
some sections, e.g., section “ M ”, nothing but the bare answer is generally given, 
and in others the outline only of the working is given. 

The following examples illustrate these remarks : 1. The problem is DT + Dt 

= ( (t— l) + a) t where a and d are respectively the first term and common differ- 
ence of an arithmetical progression, and t, the number of terms, to be found. The 
rule is 

t={ 2 (D - a) + d + v/ (2 (D — a) + d)* + 8dDT j -r 2d 

and the particular example gives D = 5, T = 6, a - 3, d = 4. The actual working of 
the solution, translated as literally as possible, is as follows : — 

*The daily rate diminished by the first term';* the daily rate is five yojanas, 
5 ; the first term is 3 ; their difference is 2 ; this doubled is 4 : *this 
increased by the common difference* is 8 ; and squared is 64, which 
is *known as the kshepa quantity.* ^Multiplied by eight* ; the fixed 
term (30) multiplied by eight is 240 ; and multiplied by the common 
difference — multiplied 960. *The quantity known as kshepa is 
added.* Now the quantity known as kshepa is 64, which added gives 
1024. The root of this is 32 ; the quantity set aside is 8 and this added 
gives 40. *Divided by twice the common difference :* twice the com- 
mon difference is 8 — divided 5. 

The phrases placed between asterisks are quotations from the rule. A perfectly 
literal rendering would not be very intelligible to the ordinary reader and one or 
two gaps have been filled in ; but the translation is a perfectly fair representation 
of the original. 

ii. The problem may be represented by x (1 -^)(1 -~i)(l -f) = x-24 
and the solution is given as follows : — 

*Having calculated the loss on unity* the terms become §, £, £ and these 
multiplied together give l. This subtracted from unity gives J, 
which, inverted and multiplied f by the given amount 24, is ijof 24 = 40. 

iii. Something travels 3 yavas a day. How long will it take to go .5 yojanas ? 

Here the solution is indicated by the following proportion only : 

3 ya° : years : : 5 x 4,608,000 ya° : 21,333 years 4 months. 


p 2 


♦ The phrases marked off by asterisks are quotations from the sutra or rule. 

t Literally “ divided and multiplied ” into. This is generally used to indicate division by a fraction. 



38 


CHAPTER VI, 

, An analysis of the contents. 

76. The present chapter contains an analysis of the mathematical contents of 
the text. To those who are chiefly concerned with the history of mathematics this 
chapter will possibly be of rather special interest. Indeed, taken with chapter I 
of Part III (which will appear in the second volume) it forms the real corpus 
of the present study, for the latter gives the re-arranged text, while the present 
chapter is an attempt at a fairly complete explanation of the intelligible parts of 
that text. The analyses of the different sections are not exhibited on a uniform 
plan, some are given in great detail, while others are mere summaries ; some are 
arithmetical in form and some algebraical ; but these differences correspond to some 
extent to the spirit of the text, and it is hoped that the analysis as a whole gives a 
proper representation of the original. 

77. In order to avoid innumerable cross references the following table is given 
to show the connexion between the paragraphs of the present chapter and the ori- 
ginal and re-arranged texts. 


Chapter VJ. 


Illustrations (Bodleian order). 

l 

New order. 

§78 

Folio(s) 29, 27 

“'1 

• A|| t ,2 


ft 

1,2. 3 

1 

• ^15. 15. 

§80 

n 

38', 39% 40°' d - 58 .... 

. A 7 

§81 

ft 

59 

. K. 

§82 

it 

27 recto ...... 

• A 1# 

§83 (i) 

• y 

4 recto ...... 

• B, 

(H) 

ii 

4 verso ...... 

• B t . 

(iii) 

it 

8 recto, 9 recto, 7 verso 

• ®2, 8, 4. 

§84 (i) 

if 

8 verso ...... 

. b 2 . 

(ii) 

«» 

9 verso ...... 

• B 8 . 

§85 

Section 

* C ’ generally ..... 

• .... 

§8f> (i) 

Folio(s) 5 

• C,. 

(ii) 

ff 

6, 7 recto 

• ; c 2 , 

(iii) 

ff 

65 verso, 56 verso, 56 recto, 64 recto . 

• C 4 , 5 . e . 

(iv) 

ft 

64 verso, 57 .... 

• | c 0 . 7 . 

" iv) 

ft 

4B recto ...... 

•|C, 

(vi) 

” , 

45 recto, et verso, 46 recto . 

! c 

* j ^8, ». 

§87 

u 

23, 24, 25, 26 

• 1 ^2, 8. 4. 6' 

| 

§88 

n 

51 ... . 

• A, 

1 

§89 

*» 

10, 11, 12, 13, 14, 15, 16 recto . 

• <b~r 
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, 

Chapter VI. 


Illustrations (Bodleian order). 




New order. 

§90 

Folio(s) 16 verso, 17, 18 . 




. 

• 

Hj, i, 3. 

§91 (i) 


60 verso 


* 




w 

(ii) 

?» 

60 recto, 61 






W a. 

(Hi) 

>» 

21 verso, 22 recto 





• 

k 4 .f,. 

§92 (i) 

5? 

61 . 





• 

^2. 

(H) 

>» 

62 . 





a 


(iii) 


62 verso 






^3. 

(iv) 

)) 

63 . 






W 

§93 

Section 

‘ M ’ . 






M. 

§94 

Folio(s) 47 recto 






-M: 

§95 

| 

44 recto, 43 verso 






M I# 

§96 


41 verso 







§97 

>> 

36 verso 






1 

§98 


20 verso 







§99 


32 . 







§100 (i) 

J J 

37 recto 







(ii) 


37 recto 






M* 

(iii) 

JJ 

37 verso 






M * 

§101 (i) 


55 recto 



* 



M,„ 

(H) 

>> 

55 verso 



• 



M.o. 

(iii) 

»> 

49 recto 

• 


• 

• 

• 

M. 

(iv) 

)> 

49 . 

. 

, 

• 

• 

• 

M,. 


Systems of linear equations. 

78. Examples of the following type occur 

Xj + Xj^a,, x, + x s = a 2 , , Xn + x^a. where n is always odd. 

We have a„=(a 2 -a a ) + V (a,., -a n . 2 )+2x,; and if we assume x,=p 

then a'„= (a a -a,) + + (a n ., —a„. 2 ) +2p. 

Subtracting we get x,=p+ (a.-a , n )/2, which is the solution employed in 
the text. 
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The following examples occur 

(i) x, + x a = 13, x 2 + x 3 = 14, x, + x 1 = 15. 

The value of x, is assumed to be 5, then by ‘ subtraction in order' x,=8, 
x 3 = 6 and x' +x 1 = ll. The correct values are therefore x, * 5 + ( 15 - 1 1) I -r- 2 
= 7, x a = 6 and x s — 8. 

(ii) x, + x a = 16, x 3 + x s = 17, x s + x 4 = 18, x 4 + x 5 = 19, x 5 + x a = 20. 

Here the value of x, is assumed to be 7 and x' s +x\- 16, therefore the cor- 
rect values are x, = 9, x 2 = 7, x 3 = 10, x 4 = 8, x s = ll. 1 

The following are implied 

(iii) x, + x a = 9, x 2 + x 3 = 5, x 3 + Xj = 8. 

(iv) x, + x 2 = 70, x 3 fx ; , = 52, x 3 -fx, = 66. 

(v) X! + x 2 = 1860, x 2 + x 3 = 1634, x 3 + x, = 1722. 

(vi) 2 x 2 4 - x 3 + x 4 + x 3 = 317 

x, + x 3 + x 4 + x 5 = 347 
x, -l- x a + x 4 + x 3 = 357 
x 1 + x 2 + x„ + x 4 = 365 

and the following, which, however, is too mutilated to be sure of 

(vii) x, + x a = 36, x 2 +x s = 42, x 3 + x 4 =48, x 4 + x, = 54, x. + Xj’-BO. 

The directions seem to indicate that we should cancel by six. We then get 

a',=6, a s '=7, a,=8, ai=9, a^ = 10 of which the solution is x[ — 4, x' 2 = 2, 
etc. ; whence x, = 24, x 2 = 12, x., = 30, etc. 

79. The next set of examples can be represented in the form tx-x J =c-d,x 1 , 
Sx~x a =c-d a x a Sx-x, = c-d n x n . 

If we set a= 1 - d these become 

^x -* a,x, = Sx— a 2 x 2 — — Sx * a 0 x„ — c, and a 4 x 2 — a a x a 3 = a»Xn = 0 

=k. 


1 Since in these two particular examples the values of a 1# a*, etc., are in arithmetical progression a simpler solution would be 
x x *= y where m is tTe mean of the series a„ a,, etc. 

* This can be arranged in the form y,+y a =-365, yt-f-y 8 =347, y 8 +y4=362, y 4 -f y 5 =317, y 5 -fyi=357. Solving this we get x,+ x. 
*210, x 8 4-x 8 =170, x 8 +x 4 =155, x 4 +x 5 ^147, x 5 -hx,=192, which solved gives Xj^^O, x a =*90, x 8 =80, x 4 =75, x 5 =:72. (See folio 1.) 
Also note that most of these six examples can be expressed in the form 


Ex — x,=a,, Ex — x t = 


.Ex — x„ 


The examples given in the text are undoubtedly akin to the * Ephanthema \ usually attributed to Thymaridas, which may be 
2a— Ex vj 

expressed hy x 0 = n _j , where x„+x,=a„ x„+a ? =x a x 0 +x„=a„. In Aryabhata’s Ganita is a similar rule 

where Zx— x,»=d„ Zx— x,=d a Zx— x B =d„, which Cantor (Vorhmngen uber der Geschichte d*r Mathematik i, 624) considers to 

be a modification of the rule given by Thymaridas. .See also P. Tannery Mdmotret ecientifigues. Tome ii, pp. 192-195. 
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Therefore 2 x = (1 + ^ + ..../ )k = J k. 

A solution is x t = x,,=£ x„ = and c— p = q A 

There are four examples illustrating this process which may be tabulated 
thus. — 



d, 

d 2 

d 3 

d. 

d 5 

p-q 

c 

x t 

x a 

X 3 

x 4 

x 5 

(i) 

1 

2 

1 

3 

1 

4 

1 

5 

1 

6 

437 

60 

377 

120 

90 

80 

75 

72 

(ii) 

7 

12 

3 

4 

u 

6 



2558 

1463 

1095 

924 

836 

798 



(iii) 

5 

7 

8 



! 

262 

42 

28 

21 



(iv) 

2 

3 

4 



t , 

17 

6 

3 

2 




Of these only fragments remain. For example, of the first we have :* 


1 1 

2 3 

1 l 

4 5 

l 

6 


120 90 

60 + 6j 

90 + 80+75 + 72; 

-317, 

317 + 

120 

2 

- 377 . 

120+80 + 75 + 72-347, 

347 + 

90 

3 

= 377. 

120+90+75 + 72-357, 

357 + 

80 

4 

-377. 

120 + 90 + 80 + 72 = 

=362, 

362 + 

75 

5 

= 377. 

120 + 90 + 80 + 75 

= 365 

365 + 

72 

6 

= 377. 


76 72 437 

60 ‘ 60 60 


The second of these examples may be expressed in the form 
x, + x a — (i+i) x. = x a + x s -(£ + £) x 1 ==x 4 + Xi~ (£ + i) x a . 

From this Jfx 1 = 4 x 3 , and 2 x/(Sx — c)=J§+ } + 

The solution given is 2x=2558 and c— 2558 — 1463 = 1095, whence x, = 924, 
x a = 836, x s = 798. 

Of the third there is sufficient of the formal question preserved to enable it to 
be restored. 

One possesses seven horses, another nine mules (?), and a third ten camels. Each gives one of his 
animals to each of the others and then their possessions become of equal value. 


1 Compare with this the treatment of the epanthem by Jamblichus (Hkath, (.reek Mathematics, i, 93-94). 

* The nearest approach to this that I have come across in an Indian work is given by Mahiivira in his Ghnita-Sara-Sangraha 
(vi, 239-240). 

Five merchants saw a purse of money. They said one after another, by obtaining J, 1, J or of the oontents of the purse 
I shall become three times as rich as all of you. 

Let p be the value of the purse and x„ x 2 , etc., the original capitals; then 3(Lx — x,)=^-+x,. 3(Lx — x,) = y -t-x v etc.; 

whence llLx=(i+m+H*) P= X ’ « 11 P= 110880 then *«= 261 - 

But al-Karkhl (xith cent.) gave (iii, 6) the following : — A certain sum is divided among three people, one-half being given to 
the first, one-third to the second and one-sixth to the third. But then one-halt the share of the first, one-third the share of the 
seoond and one-sixth that of the third is pooled and shared equally by the three. 

In A.D. 1225 this problem became famous as it was one of those propounded to Leonardo of Pisa and salved by him. 

If x„ Xf, x a be the shares and 3c be the amount pooled, then x, ^-+c= x a — x s — +c~ -- and 

Xj~2o, Lx — 2x»=3o, Lx — 5x a =*6c, whence Lx= . Make c— 7 and then x t »=33, x a ==13, r,“l. 
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The fourth example is of similar form. 1 

80. The following occurs on some very mutilated scraps that have been pieced 
together. It is now impossible to say how it originated or what its context was. 

x(x + y + z) = 60 
v(x + y hz) = 75 
z(x -i-y i-z) = 90 

We have (x+y + z) 2 = 225 whence x i-y + z = 15, and x = 4, y = 5, z = 6. 

80. (a). There is one nearly complete statement and solution of the following 
pair of equations : — 

x + y + z = 20 
3 x + y i -i z = 20 

of which the only solution in positive integers is x = 2, y = 5, z = 13. 

This type of problem was a favourite in Europe and Asia in early mediaeval 
times. Later it was known as the ‘ Regula Virgin um/ ‘ Regula Potatorum/ etc. 
It was given by Chang-ch’iu-chien (sixth century A.D.), 2 by Alcuin the Englishman 
(eighth century) and others. About 900 A.D. it was pretty fully treated by Abu 
Kamil al-Misii who gives some six problems, varying from three to five terms and 
attempts to find all the positive integral solutions. 3 

In the earlier Indian works problems of this type do not occur, but exactly 
the same example is given by both Mahavlra 4 ( ? ninth century) and Bhaskara* 
(twelfth century). 


Quadratic indeterminate equations. 

81. There are tw r o types of quadratic indeterminate* preserved. 

(i) x4 a-s 9 , x-b = t 2 
The solution given may be represented by 

x=(*c: b - or+b 

which makes both x + a and x — b perfect squares. In the actual example preserv- 
ed a = 5 and b = 7 and the solution is x = 11, which is the only possible integral (posi- 
tive) solution obtainable from the formula. No general rule is preserved but the 
solution itself indicates the rule. It proceeds by steps thus : 5 + 7 = 12, 12 + 2 = 6, 6- 
2 = 4, 4 2 = 2, 2 2 = 4, 4 + 7 = 11. The value of this type of detailed exposition is here 


i r 


A 

1 This set of examples is introduced by a rule which simply means : change the fraction B into This illustrates the fact 

that the stitra* or rules often make no pretence of indicating in any way the general theory : they are merely intended to be helpful, 

* Yoshio Mikami. 

3 H. Sitter, Da* Buck d*r SeUenheit, etc. Bib. Math, xi (1910*11), pp. 100*120. See also Sitter’s Die Malhemaiiktr und Astro* 
nomen tier A rafter und Ihrer Werke , p. 43. 


F.(j, of x f y+ 2 ,-|-w^= 100 , 2x-j--| *f *+• w~100 there are said to be 304 solutions and twenty are given. See also L. E, 
Dickson's History of the Theory of Numbers , vol. ii, pp. 77, et seq. 

4 Qanita tidra-Sahgraha vi, 152. 

4 Vija Qfinita , §158. • 
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self-evident. It seems to have been almost necessitated by the absence of a suit- 
able algebraic symbolism. 1 

82. The second type is 

(ii) xy-ax-by-c = o 

The solutions which appear to be followed in the text are x- (ab + c) m + b, 
y = a + m ; or y = (ab + c) m + a, x=b + m 

where m is any assumed number. The only example that is preserved 2 is xy-3x- 
4y± 1 = 0 of which the solutions given are 15 and 4, and 16 and 5, i.e., 

(3-4-l) + l + 4=15, 3+1=4; (3-4-0 + 1 + 3 = 16, 4+1 = 5. 


Simple ‘motion’ problems. 

83. From the mathematical point of view this section is not of particular inter- 
est but it was possibly intended as a sort of introduction to the section (C) that 
follows directly after. The examples can be classified into three types : 

(i) A travels at a certain rate i\ for a number of days T, and then li starts 

at a daily rate r 2 . When will A and li have travelled equal distances ? 

Since i\T+r,t=r s t, t=r/T/ (r,-r,) which is expressed by a sutra 
and illustrated by two examples. 

(ii) A travels a distance a x the first day, a, i d, the second day and soon; 

B travels a 2 the first day, a 2 i d 2 the second day and so on. When will 
they have travelled equal distances ? 

Since ((t.- l)d, +2+ a,)t.= (( t - l)d 2 -:-2 t a,,)t, t- 2(a, -a 2 )/'(tl 2 d,) i l 

(iii) One goes at a fixed rate A and another goes a the first day, a i d the 

second day and so on. In what time will they have travelled equal 
distances ? 


Since tA = t((t-l)d + 2 + a), we have A = (t - l)d :-2 + a, and (2A -2a) : d + 1 


l This type of equation occurs in many modia?val works from the time of Diophantus onwards {e.q., sec Diociiantus ii, I Iff. ; Brah- 
magupta. xviii, 84; al-KarkhI, p. 03 ; etc.) and has here no very special interest beyond the indication it gives that the BakhshAli 
text followed the fashion. Dr. Hoernlc, however, thought that- it indicated a ‘ peculiar ’ connexion between the Bakhshali MS. and 
Brahmagupta’s work ; and from this deduced that our text ‘ may have been one of the sources from whence the later astronomers 
took their arithmetical information.’ (Inch Ant.> xvii, 1888, p. 37.) 


8 Unfortunately the text (folio 27, recto) is so mutilated that the correctness of the interpretation here giv en cannot be 
guaranteed. But the equation was well known to mediaeval mathematicians and has historical interest. Brahmagupta gave a 
general solution (xviii, 61) which, however, he appears to have thought unnecessary. Bh&skara also gives a general solution ( VI ja 
Ganita , 212-214) together with demonstrations in both algebraical and geometrical forms ; but he also on another occasion fib. 
208-209) gives an arbitrary solution. The general solution is also given by al-Karkhl. Mahavira gives (vi, 284) the equation in a 


different form, namely (a 4- (b-hy)— ah-f A which reduces to xy- 
- T +m ; or y= v+~ < 


y- a 

Mahavira. 


^).X 


j m. If we make m- 


b 

~A X A 
fib 

A 


y-3r 


o of which the solution is x 


4- 1 then x — 


b + l 


-i 4 
A 1 


1 / *b + A 


A* 


jr-y 


a + ab + A . . 

^ which is the solution given by 


His examples are : The product of 3 and 5 is 15, and the required product is 18 or 14. What arc the quantities to he added 
or subtracted ? i.e. (i) (34-- ) (54 ~)~ 15 |-3, (ii) (3 — *-) (5 ~15 — 1. His answers are (i) 2 and 7 , (ii) C and 17. 



84. There are two examples in this section of different types — 

(i) A chariot is drawn by A horses a at a time. How many stages should 

there be in a distance J, and how many stages should each horse do ? 

The argument seems to be : the ' mileage ' done is la therefore each horse does 
la/ A miles ; the number of stages is A consisting of 1/A miles each and each horse 
does a stages. 1 

(ii) A and B start on a journey together. A goes at the rate of r, and 

meets B, whose rate is r,, on the return journey. If the distance be- 
tween the two places is 1, when will they meet ? 

Let x be the distance gone by the slower traveller then the other goes 21 — x 
and ti\-=2f-x, tr.. -x whence t = 2f/(r, +r..)'. A proof is given in the form l : r, : : 
t : tr, and / : r. 2 : : t : tv.. 


Quadratic equations and square-root approximations .* 

85. Ostensibly this section deals with certain problems in arithmetical pro- 
gression that were common property in comparatively early times ; but it is of 
special interest because it elaborates a square-root rule and gives a number of ex- 
amples, some of which involve large numbers. It also employs, although to a very 
limited extent, the sexagesimal notation. Of particular interest are the methods 
of reconciliation necessitated by employing approximations. There are two types 
of arithmetical progression exhibited — 


(i) 1)T + Dt— ((t - l)d-^2 + a)t,,_where T is a given period and t is to be determined. The solution 

is t- { 2(D - a) + d± \/(2(D - a) + d) 2 + 8DT ] +2d. 

The second type is the ordinaiy one of finding the number of terms of an arithmetical progression when 
the other olements are given, the solution being 

(ii) t - { _ (2a - d) + V /(2T- d) 2 + 8ds } -r 2d . 

These two types may conveniently be reduced to one by the formula t = (p + N /q) * 2d or (p + q)-j-2d, 
where q- N /Q and p = 2D-(2a-d) or-(2a-d). The negative sign for the root quantity is not used 
so t.=»(p+q)-f 2d always. Unless Q is a square number the solutions given depend upon approximations, 
and the most interesting results exhibited m the text are those connected with the proofs or verifications 
of the approximate answers obtained. 

In type (i) let s'=DT + Dt and s" = ((t- l)d-r2 + a)t. If approximate values of t are used such 
that Sj'-DT + Dt,, and */' = ((*, -l)d*2 + a)t,, it is evident that s,' does not equal s t , and the problem of 
reconciliation arises. 

Now s 1 ' = DT + Dt l = DT + (I)p + l)q 1 )^2d = (8dl)T + 4Dp + 4Dq 1 )^8d, s/' = ((t, - 1) d/2 + a)t, = (4Dp 

+ 4Dq t - p 2 + q t £)-r8d, and s," -.s t ' = qj 2 - (p a + 8dDT)-i- 8d ; out p 2 + 8DdT = Q = q a , therefore 
(qj 3 - q*) — 8d = e 1 8d (see below) . 


1 This example is evidently traditional and we find it in Mahavira (vi, 157-158) in the following form : — 

“ It is well known that the horses belonging to the Sun’s chariot are seven. Four horses being harnessed to the yoke to'draw 
it. They have to do a journey of seventy yojanas. How many times are they yoked and unyoked in four ?” 

His rule is the same as that given above. 

* Approximations are here indicated by subscripts : thus a, represents a first approximation to the value of s, and a t represents 
an approximation of the second order, etc. 
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This form of reconciliation occurs only once, but that about to be explained occurs a number of times. 
In type (ii) s**((t- l)d/2-f a)t=»t 2 d/2-f(2a - d)t / 2= (t 2 d - pt) / 2 ; and since 2dt~p = q, wo have 4d 2 t 2 - 
4dtp=*q 3 - p 3 , and 8ds = 4d 3 t f - 4dtp»q 2 -p 3 . Therefore s x - s » (q, 2 - p 3 )/8d - (q 2 -p 2 )/8d«= (q 1 3 ~q 2 )/8d 
■*e/8d as before. 


The square-root rule conies in incidentally when a surd quantity occurs. In this way it is actually 
given three times (see §68) and this seems to indicate that it was not treated separately and was considered 
as subsidiary to the arithmetical progression problem. To the student of the history of mathematics, 
however, it will be probably considered the most interesting part of the work. The rule may be expressed 
bv x /A 2 -f b — A 4-b/2A approximately. 1 Hut since (A-fb /2A) 2 A 2 4* b f (b/2A) 2 , the error may be shown 
by e.~(b/2A) 3 . Again v /A 3 4-K=» v /r 1 3 - e y — r. - e. /2r, approximately, where ri=»A-fb/2A and the 
second error may be represented by e a « (e l /2r 1 ) 2 = b 4 /64A 4 (A-hb/2A) 2 . Thus for a first approximation 
s, -s = e 1 /8d, and for a second approximation s 2 -s*e s /8d. 


86. The examples of this section are fragmentary but in most cases they are quite unambiguous and 
can be interpreted with certainty. 1 now give an accurate representation of these examples; but it should 
be noted that those portions that I have enclosed in angular crotchets do not occur in the text as it now 
stands. 


Rule. t« ) 2(D-a) + d + v '(2(D - a) 4- d) 2 4- N1)T<1 { :-2d 
(i) Example. D = 5, T=6, a — 3, d=*4 

DT-30, l)-a=5 3-2, 2(T) a) = 4, 

2(11 ~ a ) 4- d = 8. (2(1) - a) 4- d) 2 * 64. DT = 30. 

8T)T — 240, 8I)Td = 960, J :>(I) ^ a) 4- d ] 2 + 81)Td -= 960 4- 64 
= 1024, N /1 024 = 32, 2(D-&) + d-8, 8 4-32 = 40, 

< 2d=S and 40*8~5«t > . 

Proof by the rule of three; 1:5: : 5 : 25 and 254-30 -55. 


(ii) Example. 1) = 7, T = 5, a =5, d = 3. 

DT= 35, D=7, a = 5, < 1) ~ a 2, (2(1) - a) 4- d) 2 -49 > 

8DTd = 840, 840 + 49= 889, <3 N '889- x /29 2 + 48 > = 29^. 

2 (D - a) + d = 7 , 29^+ 7 = 3(5g = 2 ^, <2d-6 and - <i = ^=t,. > g-6 + 8* + j6« + 3‘“ + 6 1"* 


t, - 1 = ™- I = §, (t, - 1) d= 3 (t, - l)d/2=^ ; (t, - l)d/2 + a-“ 7 4 = 7 ' 


149 


110 


447 


447 


447 


7.M7 
5S * 


1 Tho history of this rule is of considerable interest. It was given by Heron (Heath, (Ireek Math, ii, 324) who indicates the second 
approximation ; and it was known to Planudcs (xiiith century), Barlaam and Nicholas Rhabdas (xivth cent.) and to al-Qalasadi (wth 
cent. See Woepckk, Jmr. A Uiatique , 1854, p. 384). It does not appear in any early Indian work but it is given by Suryad&sa (xvith 
cent.), who attributes it to his father, Jnyana RSja. Colebrooke’s translation (Algebra, etc., from fhc Sanserif, p. 155) of this Indian 
version is as follows : — “ The root of a near square, with the quotient of the proposed square divided by that approximate root, being 
halved, the moiety is an approximate root ; and repeating the operation as often as necessary, the nearly exact root is found. Example 
5. This divided by two which is first put for the root gives | for the quotient, which added to the assumed root 2, makes § ; and this 

A 4- 

divided by 2, yields £ for the approximate root.’* Suryadasa’s approximation may thus be represented by A * Jnvana 

' 2 

R&ja’s work on ftstronomj' is entitled Siddhdntn Suntlara. Sec the reference to Svndari on folio .34 of oor lost 


r. 2 
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8,' «= DT + Dt, » 7 (5+ %*) = °gS 9 ; and a," -V=^=< *r£nu=vL- > 

Proof by the ‘ rule of three ’,1:7::^: < and 4-2^ + 35 = 77^ . ^ 

(iii) ftu/e. t =. { - (2a - d) + ^/(2a~- ^ d)*i+8ds j ~ 2d . 

Example. a=»l, d = l, 8 = 60. 

Solution. 8d»-480, 480 + 1 = 48] , V /48T ^ J I g = “ 2 ,; 10 = ; < and t,.J(?5-l) > =5». 

<n„. ,,-t l( t 1+ i ),*>-r«a=^!r- 
<B»t.,- 8 _e,,8d-{(5S)*>=S. 

< Again <*^ **' 

_I05,280 . ... , lWO 406,280 444,001 _ 179,94.5,94.1,1 20 

~ 38,724 ’ ^ ilU< S * ‘ (( 2 ) ^ • ~ + »)^ s — t 2 (t 2 + ])/~ ^ 38,724 X 77,448 — 2,999,090,352 • 

„ . iq A 40« 160,000 , 179,945,941, L20-160,000_ 179,946,781,120 . 

S» 8, - 8= e, / oa h* x 21‘ x (21^)* * “ 2,999,096,362 a 2,999,096,352 ~ ^ 2,999,096,352 — ou> * 

(it) Example. <a = l, d = l, s = 5; therefore t=( - 1 + \/41)/2; >v/4l <^ 5 =^, and 

l> a „ _ ,,65 ,, , n C5 __ n 41 , 66 __ ,41 1 \ 05 _ 89 65 . 5785 .25 r . e, . 

Hut 8, — (( a4 1 ) 2 + l-2( — (-• 2 i + 1 ) 24 - <48 + 1 ) 64 - 48 X 21 ~ < 1152 ~ u U 62 — '* 

Again a second approximation to y/4tl is given by 6 T7 — 2 [■fs) i /Q'fs — *\w 8 “lMS^YsTtf' ant ^ ^ 

— 1 1 U J? 33 _ 1 1 — i 91)85 _ 9985 

“ * ' 1848 1 ' ~ V 1848' — 3690 

(v) Example. <a=*l|, d = l$, s = 2 ; therefore t= [ “5 + v/()!) 2 + 8.$.2 l-»-3=- v - 3 + ^105)4-6. 


t • . . . 81 

Now ^105 = 10£ approximately, and a second approximation is given by 10J - h 1 2(10$) =*10^- 

With this value t,- ( - 3+ 10~)/6 = and 8,-((t,- 1) J + a)t, = ((ggj-l) $ + 4)t* > 


_ ,10225 , ,10225 3 . _ 108626 59425 _ 6,465,040,6 25 v /K ,, 

“ *32800 * * '6 5600 + 65600 * 19200 “3,227, 620,000' PI0W S » 8 = ©a/ OO 


625 

'3,227,520,000 


1 _ 6,455,040,625 - 025 _ 6, 455, 010, 000 _ 0 

and s - 3,227,5-0,000 “ 3,227,520,000 

(vi) Example. a = l 7 , d*l|, s = 7000; therefore <t = (- 3 + ^/3360 9)/6, and since 579**336,241 = 

,384 


33,609-768, we have as a first approximation to the root quantity 579 ^ 7 , ( , while the second approxi- 

V 

.. . . „ 0 384 *" ,38-1,0 0 ,., f .384. ^ r ~n 384 ,384, 2 w 1158 r 70 768 294,912 . „ 0 515, 520, 000- 294,912 

mation is ;wV, - ( r>M ) s -2(;.70^,) > = 5,9~ n - ( n J 2 x ^ = r >70 li58 - 777>307>500 = 5 /9 - -m. 9 fw.snn 


579 '579' 671,250 

50,576,267,58) 

‘ 7777307,600 


777,307,500 


r wfl 51 5,225,688 150,570,267,588 - f ,450,576,267,588 ... 448,244,345,088 

= 5<9 777,3O7,50O= 777,307,500 • < lhei ' efor ° = (-777,307,600 =-4.663^45,000 • 


1 The Appendix to this Chapter (page 53) may be useful to those who are interested in the details of the calculations. 

* Here instead of d- 1J we must use 4.d=-6, for we have really given a and <1 new values by cancelling, namely a = 3, d =» 3 

3S61 / *1961 \ 

and e is four tiroes greater than it should have been (since e=qi ? — q J ) ; otherwise since q 2 =26|, q i— 2 . 328 » e::=: ^i , — ^ ,:ss (iOI/ ^ — 26J 
1 . 1 l 5 * — 6,5 

; ana Nj ■ a,4,®41.»(4.26) , ^“3,2- , o5a0=000‘ 



Now s 2 = ((t 3 - l)| + |)t, and t, - 1 — 


413,580,500,088 _ , _ 221,790,250,044 n d 

4,003,845,000 > V* ‘' U — 1,554,015,000 » 2 


110,895,125,022 
1,554,615,000 » 


(t a - l)d/2 + a 


113,227,017,622 t , 50,753,383,762,746,743,271,930 

1,554,616,000 » an< * nnall y 8 * ~ 7,250,483,394,673,000,000 • 


But B a -s«e s /8d«> 


70S 4 

6.8 > .679 4 .(679 1 ! 1 V < )»“ 


21,743,271,936 
7, 260, 481, 394, 675,000, OCX)’ 


... 50,763, 3 HJt, 763, 726, 000, 000, 000 

winch given s— 7,250,488,394,675,000,000 — 


7,000. 


Series. 


87. There is a set of series that may be represented as follows, where T,, T 8 , T„ 
etc., represent the successive terms of any of the series irrespective of their form. 


Missing 


T, 

+ T, 

4* 

t 8 

+ 

T« 

--- 8 

X 

-f 2T, 

+ 

3T, 

■b 

IT, 

-- 200 

x d + i!) 

+ 2T,+5x 

•b 

3T,+Ix 

+ 

4T,4Jx 

71 

2 

x (!+$) 

+ 2T, — |x 

-b 

3T, — Jx 

"b 

4T, — |x 

21) 

2 

X 

-1- 2T t 

t- 

3T t 

+ 

IT, 

132 

X (J+f) 

+ 2T,+ *x 

+ 

3T 2 j lx 

+ 

«Yb§x 

144J 

<X (1+j) 

+ 2T r -$x 

-1- 

3T 2 lx 

b 

IT, ;jx 

“ 2 > 

X 

-b 2Tj 

+ 

3(T t +T 2 ) 

+ 

•1 (T,+T 2 +T,) 

300 

x (l+D 

+ 2Tj+fpc 

1 

3 (T, | T 2 ) f-Jx 

1- 

4 (T 1+ T 2 +T 3 )+£x 

^ 222 

X (1-1- If) 

•f 2T,— ,®x 

•1- 

3 (T 1 H-Tj)— |x 

4- 

4 (T 1+ T 2 +T,)-fx 

= 78 


These are obviously built up on a definite plan. There are three fundamental 
series, namely 


a, + 2a, + 3a, + . . . . + na, 
a, +2a, +3a, + . . . . + na n , 


a, -i- 2a, + 3 (a, + a 2 ) + -i n (a, + a, + a,,.,) 

and a subsidiary series which may be represented by 
0 + e + e(l+d) + e(l +2d) + etc. 


There is no attempt at general summation, which, indeed, is no< generally possible, and T am afraid 
we can credit the author with little of mathematical value here. It may be noted that the sums of the 
series may be given as lOT, + 3(e + d), 33T, + (22e + 7d), 60T,± (26e + 7d), and that in all cases e = T 

29 156. 124 289 41 


and d = f Tj. 


The answers are therefore 25 + v = ^ 


41 


Of these ~ is missing. 


or 


2 ’ 


156 ,124 
2 ± 2 " 


or 


and = 222 or 78. 


88. There are other series of which the most notable is also a double series. It 
may be represented by 

( a, -b 3a, -b 3 a, -b 3 a, -b 3 a, ^ oon v» ,i i » 

t 0+ |a, + l(a, + a,) + f(a, + a. + a.) + 1 (a, + a,+ a.+ a.) } = 329 - whence thp value ot »• 
is 2. 
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There are other simple series on certain fragments, that, as they now stand, are not of particular interest. 


89. There is a set of some 17 examples that may be represented by 
C (1 - aj(l a 2 ) (l-a n ) = R = C-L 

where It is the ‘ remainder ’ and L the ‘ loss ’ after successive deductions from C. The values of a are 
generally simple fractions with unity as numerator, and if (1-a,) . . . . (l-a n ) = p/q then Cp/q = 

R =* 0 - L whence C = l ) ' | - and C = L/(1-^). The following are specimens 

60(l-i)(l-*)(l-i)(l-i)=x 


X (l-i)(l-i)(l_^) = x -24 


x(l-^)(l-i)(l-|) = x-280 
X (1 - i)(l - i)(l ~ i) = 2x - 32 


The following questions are somewhat restored. 


(i) A traveller takes on a journey a bottle containing four prasthas of wine. At the end of each 
stage he drinks one prastha and then fills up nis bottle with water. How much wine and 
how much water will there he in the bottle after four stages!'' 

The solution is first given by 

17 .17 

4(1-J)(1~ £)(1 i)(l - 4 ) prasthas, the amount of wine, and 2 jt 4 prasthas as the amount 

of water. Secondly it is worked out by steps. 


(ii) A tax is paid at the rate of one-third, one-fourth and one-fifth on three separate occasions and 
the total amount paid in taxes is twenty-four. What was the original amount . 1 

The solution given is 

x (1-J) (1-i) (1- j) = x~24 and x = 40. 

This section is interesting 2 on account of the numerous proofs or verifications of the calculations, 
which have been referred to in the previous Chapter (§ 74). 


Computation of gold. 

90. This topic is treated in most mediaeval mathematical works and our text 
follows the usual treatment hut with some slight irregularity due, possibly, to a 
slight misconception of the author, who apparently looked upon the ‘ quality * or 
* touch ’ factor as a negative quantity. 


1 See Bhaskara’s iAlfivafi , 73. 

1 It is also interesting because of the occurrence of a similar section in a papyrus of Akhmim (Heath, Qrtelc Math . ii, 544 ; 
but HeafcVs reference is misleading and so is Cantor’s • the papyrus of Akhmim was published bv J. Baillet, Mtmoires du Caire \ 
LX, 1892, pp. 1-88). 
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The fundamental theorem is, of course, the usual one of averages, namely : — 

/:\ __ . f,w „ 

w,+w t +... w,. 

where w r is the mass of a piece of gold, and f r is its quality or ‘ touch.’ That is f is 
the amount of pure gold per unit in some unknown measures. There is some indi- 
cation in the text that / is expressed in mdshakas and w in suvarnas, where 12 
mdshakas — 1 savanna but this is not supported bv Bhaskara or Mahavira, and in- 
deed the money measures in our text are nowhere well defined. 

Modifications of (i) that are indicated are 


•*\ f,w,+f s "-..+ x.w„_ 

,l ) W. + W.. + w ~ 


t :::\ f,w, + f s w.+ f.w. 



W!+W„H-.. . W„ 


x which is not understood. 


Earning and spending. 

91. (i) A earns e, in d, days ; B earns e 2 in d 2 days. If A gives g to B when will 
they have equal amounts ? 


t = 2g~r ( 




(ii) A earns e in d, days and spends / in d., days. How long will his capital C 
last ? 


t = 



) 


(iii) One gives a, dinaras in d, days ; a second gives a., dinaras in d 2 days ; and 
so on. In what time will they have given b dinaras altogether ? 


In one day the total gift is + 

given in b F ci days and the respective gifts are 


+ ^ and therefore b dinaras are 

a, b a„ b <4 a, b <4 

<!,!• * dfP ’ d, P’*° 


The following occurs — 

In 1£ days one gives 2£ dinaras, in 1^ days a second gives dinaras, and in 1£ 
days a third gives 44 dinaras. In what time will they have given 500 dinaras alto- 
gether ? 


Since 


n 

H 


3 

ii 


44 

TV 


f TT = 


947 

120 


500/ ^ = 


947 60.000 

947 


= 63“ days. 


dinaras are given in 1 day, 500 dinaras will be given in 


Profit and Loss. 

92. Let C be the capital, p the profit, M = C + p, n = Cc the number of articles, c 
the cost rate and s the sale rate [c=a/b where a is the number purchased for b 
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drammas , say, but the money measure is not generally stated ; and s — ^ where c is 
the number sold for d . J 

The following rules are given with illustrative examples. 


(o c-, 

(ii) p--*— 

<«9 

( iv ) u-i^; 


The 4 M ’ Section. 

93. The examples that belong to the so-called ‘ M section * may be described as miscellaneous, but 
most of them are solved by ‘ the rule of three terms.’ Their chief interest is hardly mathematical although 
eertain of them exhibit in very interesting forms the change-ratios of certain measures; it lies rather in 
what may be termed the social nature of the formal questions (see 45-52). The translations of the 
([uest ions here offered are ‘informal’ and sometimes very much ‘restored’. 


94. An army consists of chariots, elephants, horse and foot in the ratios 1 : 1 : 5 : 5 : If a complete 
army contains 10 x3 7 of these how many of each kind are there? 


The answers are 


10‘3 T =21,870 chariots. 

10'3 T — 21,870 elephants. 

10 3 T 5 -109,350 foot. 

10 - 3 r ‘3 — 65,610 horse. 

(10 2, 3 7 ) — 218,700 (1 akshauhini). 


This is the traditional subdivision of a Hindu army. There was probably 
more information given in the text for the terms a.kshaiihini, anikini , chamu and 
pritand occur. According to the dictionaries 1 akshauhini consists of 10 anihinis 
or 218,700 in all ; a chamu consists of 129 chariots, 129 elephants, 2,187 horse, 3,645 
foot, or 6,090 (i.e., 3 x 43 + 3 x 43 + 3 r + 3“ x ,5 = 10 x 3 x 7 x 29) ; while a pritand is said 
to consist of 243 i 243 ( 729 + 1215 = 2430 (or 3N-3’ i 3° + 5 x 3 s = 10 x 3 s ). See also 
Albirunl’s India , chap, xlviii. 


95. One produces ten and a halt* in two and one-third days. For the sake of religion he gives thirteen 
and one-third in three and one-eighth days. Tie offers to Vasudkva one quarter less than thirteen in eight 
and a half days. Desiring reward in a future world he gives to Brahmans for food one and one-third in 
three and one-fifth days ( ... 2^ in 5 days . . . ) and also twelve and a half in thirty-three and one-third 
days for the best wine for the consumption of the merchants. In the treasure house is stored twelve 
hundred. Say, O Pandit, how long can this expenditure continue? 


The daify income is 
1N07 

daily loss is therefore 210 - 
years. 



and the daily expenditure is + ^-+ 'f + ^ 

727 727 

= and .,“ 0 : 1 : : 1200 :x gives the period, and x — 


. »* , m _ lt»7 
5 ‘ r 33J ~ 240 • 
1200 1 
727/210 X 3 GO . vears 


The 

_ 800 
— 727 


A proof is given in the following way 2?, : 10-| : : ^ x 360 days: x, and x-1782^ which is the 
total amount earned. Also 1 day: ^ : : ^ x 360 : x\ and x'=2982^, which is the total amount 
spent.; and 1 782 + 1200 - 29821^. 
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9G. A certain person earns one ami a half in one and one-third days and gives awajr eight in five and 
•one-third days for Bha(vsmi), one in thirty-two days for ua(raloka), and as an offering to STlin one 
quarter of two and a half in tliirty-six days. If he already possesses seven hundred when will it all be 
consumed? 1 


The daily income is ^ 

expenditure is therefore ~ 3 4 * ‘ — '* = , 

A 114 8 41 

years 7 months 2-jjy- days. 


8 J 2i 

, ami the gross daily expenditure is f> ^ -f t 

i 111 - , , 700x144 

and : 1 day: : 700 :x, whence x =* 61 ~^ yeais 


223 

14V 


The net 


280 

til 


years ss 4 


A proof is given thus : — 1 day : ^ : i 


day 


0 . . 280 x 300 
8 : : rtl 

1 223 

: : ua> ls the daily expenditure 


280 x 31 K) 
8} 


*>559 


and this is the gross expenditure. Again: 1 


* T . *— j . . »i»U III 1C* I» IUC glUBO ' 

1 11 OUA 1 

: lS.V.)^- , which is the total income; and 700+ 1859 (iJ -2559 ( . ( . Further ^ years : 2559^ 


97. A boat 2 goes one-half of a third of a yojana plus <me-thinl less one quarter in one-half of one-third 
of a day, but then it is driven back by the wind one-half of one-fifth of a yojana in one-eighth of three 
days. In what time will it travel one hundred and eight t/ojanas f 1 } jf 


The details of the question and the solution are not clear. 


98. A snake eighteen hast ax long enters its hole at the rate of one-half plus one-ninth of that anytdas 
less one twenty-first part daily. In what time will if have completely entered the hole? 


Since 24 ahyulax** 1 hasta we have | + £ of ) — : ; J, () : :18x24:x, and x==r ^ =*2 years 4 months 

10 i days. 

99. A snake gets out of its skin as quickly as possible at the rate of half an any ft In in one day. Its 
length is 100 yojana , 6 krofa. 3 hasta plus 5 nhyula .s*. s In what time will it he free? 


| anguhi : 1 day : : 100 yo. +6 Ttro. + 3 ha. + b any : x or l- akytda : 1 day : : 77.870,077 any. : x, 
and x- 154,752,164 days = 429867 years, 1 month and 4 days. 


100. On folio 37 are three very simple astronomical problems: 


(i) Bhanu (The Sun) travels 500,000,000 yojaruis 4 in one day. State with certainty the amount 
of progress in one yhattka ? 

Since 60 y/tafika^ 1 day (of 24 hours) we have 

60 gha. : 600,000,000 yo. : : 1 gha. : x and x = 8,333, 333J yojana. 

(ii) The Sun’s chariot is guided by the god Mahokaga among the Siddhas and Vidyadharas. The 
clever scientist says that, according to the general rule, it travels half a hundred Jcoti* in a 
day and night. Tell me, O best of calculators, what if will go in one mnhurta / 


1 The wording of the example is ‘ restored ’ on the basis of eertain indications given in the solution preserved, e.g.. Sfi° may stand 
for The numerical portions are certain. 

* MahavTra (V, 23-31) gives a small section dealing with problems of ‘ forward and backward movement \ which he illustrates 
by a boat problem and a snake problem amongst others. His boat problem is : — 

In the course of y of a day a boat traverses 4 of a krofa of the ocean, but owing to adverse winds it loses l of a krola. State 
in what time it will have advanced 99.* yojana, thou who hast powerful arms in crossing easily the ocean of numbers. 
(Answer : 5 years 117 days.) 

The snake problem is : — 

A powerful, un vanquished, excellent, black snake, 32 hastst# long enters a hole at the rate of 74 ai Again* in of a day : and in 
the course of } of a day its tail snows by 2? of an arnjnja. O ornament, of arithmeticians, tell rrm bv what time it enters 
fully into the hole. (Answer : 7 64 days.) 

* The snake is here nearly 1 ,0 K) miles long ! This may have been a modest estimate of the size of the serpent Sesha, who 
supports the world, causes earthquakes whenever he yawns, and occasionally destroys the universe. (See the Vishnu Pwratun. ii, v, 
etc.) But Mr. Hargreaves suggests that the example refers to the Naga Elapattra. whose head was at Benares and whose tail reached 
to Taxila — a distance of just about 100 yojana*. 

4 An orbit of 5.10* yojams or a mean radius of nearly 80 million y njanas or, say, 727 million miles. What is the origin of this ? 

6 A koti** 10 7 # 


H 
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Since 30 muhurta = 1 day (of 24 hours) we have 

30 mu. : 600,000,000 : : 1 mu. : x and x — 16,666,666$ yojana. 

(iii) If Bhanuja (Saturn) traverses one sign in two and a half years, tell me, thou who art thorough- 
ly learned, how far he will go in one solar 1 day. 

Since 1 sign — 30° — 108000" we have 

24 years : 108, 000" : : .J. Q : x and x— 120" or 2 minutes of arc. 2 3 

101. The following examples' seem to form a set but the text is mutilated and only the bare skele- 
tons of the problems remain: 

(i) 1 tola : 5J years : : 1 to + 1 dho + 1 am 4 1 //o + 1 *»-)-] Jcu + 1 wit : x, or 1 to : 5^ years : : to : x 

and x — 6 years S^days. 

(ii) 1 to : 36 drammas : : 1| to+\\ wii + 1 J ant-fli ya : x, or 1 : 36: : : x, and x — 68 ^ 

drammas. 


(iii) 1 to : 400 di nor n : : 1 d ho + I om -f 1 1/0 -f 1 ko -f 1 po 4- 1 mu : x, or 12 1 / ho : 400 di 
dho : x, and x — - 60 ^ dhtdras — h 0 di 4 !*• d ho -f 1 o »t . 


2441 

1600 


(3 to + 2ma + 3 ani + 3 ya + 1 ka + 1 pa + 1 mu) - (4 ra + 4 si) : 

1*321 , , 1 no A , ni » n j , 

: 9170 days : x , and x = 


(iv) 1 day 

20 d 

-4- 1 toil po + 0 to -f 0 mo + 0 ant + 3 j/u + 4 ho + 1 po + 2 mu 


20 days : x,or 1 day : M <0,a ” 19200 t0la 


26 years 6 months 

r>5S,27K,770 . . .... 

19200 ^ ^ — tj/id 


1 See mv ninth Astronomy, y. 5 7. 

* It should be about 122" 

3 The importance of these examples lies in the use ot numerous mea ures and »n the methods of expressing change-ratios. The 
subject of measures is discussed in chapter VI I. 
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APPENDIX TO CHAPTER VI. 

[Atds to the calculation*,) 


FACTORS. 

384= 2’. 3 


107 

584 = 2°. 41* 

sqi'ARKS. 

21* = 441 

441 = 3*.7* 


108 

625 = 5®. 11.79 

24*= 576 

481 = 13.37 


112 

003=31.3013 

29* = 841 

<<-*4 

II 

£ 


322 

752 =3. 2®. 41* 

41*= 1681 

576 = 2«.3* 


335 

241=3*193* 

77*= 5929 

579 = 3.193 


386 

009=3.31.3013 

179*= 32041 

021=8*23 


125 

042 = 2.161* 

193* = 372 19 

050 = 24.41 


414 

00 1 = 2*. 11. 10091 

f01*-:21252l 

737= 1 1.07 


645 

501 = 2 7 .3.41* 

579* = 3352 11 

7 08 = 2 8 .3 


1 554 

015=3*5.179.193 

708*= 589824 

841 = 29* 


1 003 

845 = 3®. 5.1 79.1 93 

3301*= 11 290321 

889 = 7.127 

1024 = 2'° 

1158 = 2.3.193 

2 

7 773 

515 225 

999 090 

075 = 3*3*. 179.193 

088 = 2*.3* 7.15973 

352=2®.3*.7*.401* 


1081=41* 

0 

155 012 

025 = 3®.! 1.79.2377 


30 90 = 2 4 .3.7.11 

17 

994 594 

11> = 2'U1.17.I49.10091 


5785 = 5.13.89 

21 

743 271 

930 = 2**.3*= 7 08 4 /2* 


9081 = 3.7.461 

113 

227 047 

522 = 2.3* (0 290 391 529)=? 


5986 = 5.1997 

221 

790 250 

014 = 2 2 .3*. 1 1 .500,070,389 


10225 = 5*. 109 

3 17 

892 350 

970 = 2 i2 .3 4 = 7 08 4 


11858 = 2.7*.ll 2 

7 250 

483 394 

075 = 3®. 5*. 1 79*. 1 93* 


1 11 12 = 2®.3 2 .7* 

50 753 

383 702 

725 = 3®.5*.7 . 1 79*. 1 93* 


19302 = 2.3.7.101 

148 

244 345 

088 = 2 8 . 3* (194 550 497) 


387 24 = 2*.3.7 .461 

50 753 883 702 710 

743 271 

930= I I 3 227 047 522 x 448 

244 345 088 

40528 = 2*. 1 7.149 

59 125 = 5* 2377 



= 2 S .3 4 . (0, 290, 391, 529) (194, 550, 497) 

= 2».8 4 (2 IB + 3.3". 7.1 79*. 198*) 

05593 = 11.07.89 

07 125 = 3.5*. 179 

84072 = 2«.34.7 2 

Unresolved t> 290 

391 529 and 194 550 497 


84832 = 2®.! 1.241 

Powers of 2, 8 and 5 

2 + = 16 2® =32 26 = 64 

2 a = 128 2* =250 2® =5 

] •) .)]<)_ 

1024 2 28 = 208 435 450 2 ;i °= 

1073 741 824 2-** 


4294 907 290 

34-81 3® =248 3* = 7 29 8’=2187; 5 4 =625 5®=3125 5« = 15025 
Prime numbers greater than 100 

127 149 179 193 241 409 461 1997 2377 8361 3613 10091 15973 

H 2 
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CHAPTER VII. 

Measures. 

102. The measures exhibited in the manuscript are of rather special interest. 
As a whole they are Indian and the terminology is Sanskrit ; but there are some 
Sanskritised western terms such as lipid, dramma, dindra, sutera employed. Most 
of the terms are well defined but the values of some are doubtful. Money measures, 
however, are, as in most early Indian works, very ill defined and hardly show any 
differentiation from measures of weight. 

103. Change ratios * The change ratios are often giveu with considerable care 
and elaboration, and are expressed in several different ways. The change ratio 
appears to be considered as a divisor for it is most frequently marked by the term 
ohned am | which indicates the operation of division. 


Examples are 

dike 0 80 mkti°-su° i.e. 80 raktikd- 1 suvaatiah i 
c.hhe° 24 a.m°-ha° i.e. 24 ahgula = 1 hasta 
chhd 2 gha°-mu° i.e. 2 ghatika- 1 muhurta 
chhe° 4608000 ya°-yo° i.e. 4,608,000 yava-i yojana 

urdha\ chchhe° 768000 a°-yo°, i.e. 768,000 ahgula — \ yojana, and in this particular 
example the operation of multiplication is to be performed. 

Urdha chchhedam 108000 viliptdndm rah, i.e. 108000 vilipta = l rah and multiplica- 
tion is indicated. 

adha chchhedam 2000 pa°-bhd°, i.e. 2000 pal a 1 bhdra and division is indicated. 

Another form is illustrated in the following examples 
tolendsti dhdne 12, i.e. 1 tola = 12 dhana. 

dhdnendsti am° 4, i.e. 1 dhana- andikd 
din arandsti dhdne 12, i.e. 1 dindra = 12 dhana 

* By a change ratio T mean a number bv which one denomination is multiplied or divided to change it to another. Tims, since 20 
shillings^ 1 pound, 20 is the change ratio between pounds and shillings. It is a multiplier or a dM*or according to the direction of change 

+ Often abbreviated chhe. T Or • division by 80 changes raltilas to svvomo** 

! Diet, urdhva. 
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104. In tabulated examples the methods of expressing the change ratios are 
modiiied. In two cases sets of cumulative ratios are given thus 

to° 1 dha° 1 1* am° 1 1* ra° 1 1* ya° 1 1* si° 1 1* 

■ 1 1 12 1 48 1 60 1 192 1 480 


ka° 1 1* pa° 1 1* | 

which means primarily 

1 1200 1 4800 1 


1 to° + 1 dhd° + 1 am° + 1 ra° + 1 ya° + 1 si° + 1 ka° -t- 1 pa° 


while the other numbers are simply explanatory and mean that 1 dhd° ■= ^ to^, 1 
am°— ^ to°, 1 pa° = to. 


A similar table is given without naming the terms in the form 

1 1 1 * 1 1 * 1 1 * 

1 1 12 1 48 1 192 which means 

2 2 2 2 


1^ £o° + H dha° + 1| arh° i-li ya Q and that 1 dhn° = i2 to°, 1 ain°= ^ to \ 1 ya '■' = 
to°. ~ 


Both of the sets given above are also tabulated in a different manner, e.g. — 


to 1 
dha 1 
12 * 

ahi 1 I 
4 

ra 1 1* bha 

1 

4 

ya 1 3* bha 

1 

5 

si 1 2* bha 

1 

2 

ka 1 2* bha 

1 

2 

pa 1 7 


This again primarily means 1 to° + 1 dha ^ - 1 am +• l ra t 1 
ya i 1 si + 1 ka f 1 pa and the other numbers are simply 
change ratios and indicate that 12 dha = 1 to ’, 4 am 1 
dha, 1£ ra = 1 aril, 3 \ ya = 1 ra, 2£ si = 1 ya, 2\ ka = 1 si. 

Note that where the change ratios are fractional they 
are written at the side, obviously to prevent confusion. 


Examples of the type just given occur on folios 7 recto, 48 recto 48 verso, 49 
verso. t 
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105. A variation of the above scheme in which the charge ratios are halved 


occurs thus 


1 

2 


to 


which means 1^ to° -r ma° + 1 £ arh° + 1£ ya°. 


1 

1 

2 

1 

1 

2 


1* 

6 


1* 

2 


ma 


am 


The notion of halving the change ratios seems 
to be like this : g to° multiplied by -} = ^ to° = 




3 ma and so on. Another example of this prac- 
tice occurs on folio 20 recto and gave consider- 


able trouble. It is written thus 


1 

3 

1 

2 

1 

4 


1 

2 


chhe 

chhe 


1* 

2 

1# 

4 


could be found the problem was insoluble. The real 
Ha = b, -144 b = c. 


and means | « + b + 


£ c. Until the change 
ratios between a, b and c 


change ratios are given by 


106. Before proceeding to discuss the several kinds of measures that occur a 
summary table of them is given for reference. The names of the measures are 
nearly always abbreviated in the manner indicated : the full terms are 


Adh 

— Adhaka 

Gum 

= Gunja 

Pra 

— Prastha 

Ain 

— AihAa 

Ha 

— Hasta 

Pra 

— Praajiti 

Am 

- Andikil 

Kft 

= Kakini 

Ra 

— Raktika 

Am 

----- AAjruIa 

Ka 

= Kala 

Ra 

— R&Ai 

Bha 

— Bhfira 

Kha 

= Khan 

Sa 

= Satora 

Dha 

— Dhanaka 

Kro 

=■ Krosa 

Si 

— Siddliartha 

Rha 

-- Dhanua 

Ku 

Krnlava 

Su 

— Suvarpa 

I)i 

“ Dina 

» Li 

— Lipta 

To 

= Tola 

Ri 

— Dinara 

M& 

= Mas a 

Va 

— Varsha 

Dram 

- Dramma 

MS 

=z* Miishaka 

Vi 

~ Vilipta 

Dra 

— Draftksliana 

Mu 

— MSdrika 

Ya 

= Yava 

Dro 

— Drona 

Mu 

= Muhiirta 

Yo 

= Yojana 

Gav 

= Gavyuti 

Pft 

P&da 



Gha 

-- Ghatika 

Pa 

= Pal a 
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Measures of Time. 

107. The measures of time used in the text are the usual practical measures 
employed in India and there is nothing in any way remarkable about them. The 
measures found in early Hindu texts are given below. 1 All the authorities agree 
on one point, namely in dividing the day (24 hours) into 30 rnuhurtas. The half- 
muhurtu was possibly introduced for astronomical purposes, as was the vinadi of 
the Surya Siddhanta. Also it is noteworthy that the tables give neither hours nor 
weeks, tlthough the ‘ hour ’ was used for astrological purposes and the ‘ week ’ 
came into general use in the early centuries of the present era. Neither of these 
measures occurs in our manuscript but in this matter the text is quite orthodox. 


The measures of time employed therefore call for little comment, but Dr. 
Hoernle suggested 2 3 that the year of 360 days might be an indication of the age of 
the work ! He could hardly have been aware that it was the common practice to 
give this value in Hindu arithmetical text-books. 1 Sridhara, indeed, remarks : 
“ Time is calculated according to this rule in all mathematical works.” 


Measures of Arc. 

The measures of arc, which with the early Hindus were lengths rather than 
angles, 4 are such as occur in all mediaeval Hindu astronomies. The term lipid is a 
Sanskritised form of \enrr). 


1 In the sections that follow T hare used with considerable freedom the chapter on ‘ Weights and Measures 5 given in L. T). 
Barnett’s Antiquities of India * which is the most useful contribution to the subject (of those at my command) since that given in 
AbBiRtiNi’a India . 

* Indian Antiquary, xvii, 1888, p. 37. 

3 See Mahavira and Sridhara. 

4 See my Hindu Astronomy, p. 54. 
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Hindu Measures of Time. 





Balchsh&ft. 



Gh& 

Mu 

Di 

Mft Va 

Gha 

1 




Mu 

2 

1 



Di 

60 

30 

i 


Ml 



30 

1 


v* 


360 IV 


1 
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Measures of Length. 

108. (a) Although individual measures of length occur pretty often there are 
few examples in which the change ratios are exhibited. The following (fol. 32, 
verso) is the most complete of such examples : 


100 

6 

8 * 

3 

4000* 

5 

24* 


urdha chchhe 768000* a°-yo° j 


which means 100 y of anas + 6 (krosas) + 3 hastas + 5 ahgulas, the numbers marked 
with asterisks being change ratios. These numbers inform us that 24 ahgulas — 1 
hasta, 4000 hastas = \ kroSa, 8 krosas = 1 yofana, and that to reduce y of anas to 
ahgulas the former must be multiplied by 768,000. The term kro&a does not ac- 
tually occur, but it, or an equivalent, must have been mentioned in the question to 
which the table was attached. 


In another statement (fol. 32, recto) the equation 8,000 dhanus ^1 yofana is 
given, hence 1,000 dhanus = 1 kro&a. This equation occurs in Hindu works but 
most of the texts give 2,000 dhanus = 1 krosa. 


In another example (fol. 36) the statement 
chhe 4,608,000 ya° — yo° 

indicates that 4,608,000 yavas — 1 yofana, whereas Mahavlra and Bhaskara give 
6,144,000 yavas = 1 yojana. The difference in the change ratios is noteworthy. 


The measures gadyuti and yojana are connected (fol. 12), but unfortunately 
the actual change ratio is missing. The term gavyuti is not common in Hindu 
works but it occurs in the Markaydeya Parana, the Mahdbhdrata, etc. Its value 
is variously given as 4000, or 2000, or 200 dhanus. 

Of the Indian tables given below the last is what the Surya Siddhanta 
designates a-murta or ‘ unreal/ It was never used seriously but it is interesting 
as exhibiting the constant change ratio of ' eight/ 


108. (b) Possibly a measure of area is referred to on folio 39° verso where a 
change ratio of 64 is mentioned ; and possibly bhu on fol. 26 also indicates an area. 
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Indian Measures of Length. 




Markanfeya Parana. 




Ya. 

An. 

Pa. Vi. Ha. Da. 

Na. 

Ga. Yo. 

Yava* 

• 1 





Ahgula 

. 8 

1 




Pada 


6 

1 



Vitasti 



2 1 



Hasta 



2 1 



Banda 



4 1 



Nfcji - 



o 

1 


Gavyuti 



4,000 

2,000 

1 

Yojana 



16,000 

8,000 

4 1 



Kavliliya Artha Sdstra. 


Ya. An. Vi 

Ara. 

Da. Go. Yo. 

Yava 5 * 1 

1 



Ahgula 

. 8 1 



Vitasti 

.00 12 1 



Aratni 

24 2 

1 


Band a 

96 8 

4 

1 

Gorilla 


4,000 

1,000 1 

Yojana 


16,000 

4,000 4 1 



*r\dhara. 



Ah. Ha. 

Da. Kro. Yo. 

Ahgula 

1 


Hasta 

24 1 


Danda 

96 4 

1 

Kro6a 

. 192,000 8,000 

2,000 1 

Yojana 

. 768,00032,000 

8,000 4 1 




Mahav^ra. 






Se. Ya. 

An. 

Pa. 

Vi. 

Ha. 

Da. Kro. Yo. 

Sesamum* . 

1 







Yava 

8 1 







Ahgula 

8 

1 






Pada . 

48 

6 

1 





Vitasti 

96 


2 

1 




Hasta 

192 

24 

4 

2 

i 



Danda 

768 

96 

16 

8 

4 

1 


Kro6a 

1 ,536,000 

1 92,000 

32,000 

16,000 

8,000 

2,000 

1 

Yojana 

6,144,000 

768,000 

128.000 

64,000 

.12,000 

8,000 

4 1 



Bhdskara. 


Ya. 

Ah. Ha. Da. Kro. Yo. 

Yava 

1 


Ahgula . 

8 

1 

Hasta 

192 

24 1 

Danda . 

768 

96 4 1 

Kro6a 

1,636,000 

192,000 8,000 2,000 1 

Yojana . 

6,144,000 

768,000 32.000 8,000 4 1 


A inurta (un-rral) Table, 


Para mam is . 1 

Para silk hamas 8 1 

Trasarenu . 64 8 

Penn . . 512 64 

Valagra . . 4,006 512 

Likflha . . 32,768 4,096 

Yuka . . 8« 32,768 

Yava 8 7 8« 


1 

8 1 

64 8 1 

512 64 8 1 

4,096 512 64 8 1 

32,768 4,096 512 64 8 1 




Bakh skull. 





Ya 

An 

Ha 

Dha 

Kro 

Ga Yo 

Ya 

1 






Ah 

6 

1 





Ha 

144 

24 

1 




Dha 

576 

96 

4 

1 



Kro 

576,000 

96,000 

4,000 

1,000 

1 


Ga 

2,304,000 

384,000 

16,000 

4,000 

8 

1 

Yo 

4,608,000 

768,000 

32,000 

8,000 

2 

2 1 


* These tables are accompanied by the Amurta table. 


I 2 
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' Measures of Capacity. 


109. The following is the most complete table given (fol. 13). 


a° 2 

4* dro° 
pra° 0 

4* a° pra° 
ku° 2 

4 # prasthi 


which means 2 adhakas + 0 prasthas + 2 kudavas. The figures here marked with 
asterisks are change-ratios and indicate that 4 adhakas = 1 droija 

4 prasthas = 1 adhaka 

4 kudavas = 1 prastha. 


The terms ghataka and pala are mentioned together (fol. 15), where possibly 
ghataka may be equivalent to drona ; and in another place (fol. 53) ghataka, is 
obviously used as a capacity term. 


A comparison with the Hindu measures shows that the Bakhshall measures of 
capacity are strictly orthodox ; and it may be noted that the Hindu measures of 
capacity are generally more consistent in the matter of change-ratios than any 
other Hindu measures. 
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Hindu Measures of Capacity. 



Atharva 

Veda. 



Kri. Ma. 

Pa. 

Pra. Adh. Dro. 

Krishnala 

. 1 



M&shaka 

. 5 1 



Pala . 

64 

1 


Prastha 


32 

1 

Adhaka 


128 

4 1 

Drona 


512 

16 4 1 




Kavfiltya Art ha Sdtdra, 




Ku. 

Pra. 

Adh. 

Dro. 

Kha. 

Kum. Va. 

Kudumba . 

1 






Prastha 

4 

1 





Adhaka 

16 

4 

1 




Drona 

64 

16 

4 

1 



Khaii 

1,024 

256 

(54 

16 

1 


Kumbha 

2,048 

6,120 

1,280 

320 

20 

1 

Vaha 

20,480 

51,200 

12,800 

3,200 

200 

10 1 


Vardha 

Mihira- 

-Dry Measure. 


Pa. 

Ku. Pra. Adh. 

Pala . 

1 


Kudava 

4 

1 

Prastha 

16 

4 1 

Adhaka 

64 

16 4 1 


Vardha M ihira \A<\ uid Measure. 

Pa. Ku. 

Pra. Adh. 

Pala . . 1 


Kudava . 8 1 


Prastha . 32 4 

1 

Adhaka . 128 16 

4 l 




Mahdinra. 





Bakhshdlt. 




Sho. 

Ku. 

Pra. Adh. Dro. M&. Kh&. Pra. Ku. 



Pa 

Pra. Ku. 

Pra. 

Adh. 

Dro. Khg. 






Pa. 

1 






Shod asika • 

1 




Pra. 

2 

1 





Kudaha 

4 

1 










Prastha 

16 

4 

1 


Ku. 

4 

2 

1 




Adhaka 

64 

16 

4 1 


Pra. 

32 

8 

4 

1 



Drona 

256 

64 

16 4 1 









Mam . 


256 

64 16 4 1 ! 


Adh. 

128 

32 

16 

4 

\ 


Kh&ri 


1,024 

256 64 16 4 1 


Dro. 

256 

128 

64 

16 

4 

1 

PravartikH . 



5 1 









Kumbha • 



5 1 


Kha. 

4,096 

2,048 

1,024 

256 

64 

16 i 
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Money measures. 

110. Although the terms dramma and dinar a occur pretty often their rela- 
tionship with each other is nowhere indicated ; and, indeed, there is very little de- 
finite information in our manuscript about money beyond the mere money names. 
In early times in India there were no special measures for money beyond the weight 
measures for different metals, and sometimes the difference in these is more appa- 
rent than real. Thus Mahavlra’s gold and silver tables given below have much in 
common. 


In our manuscript we have only the following scraps of information- 

(a) 1 chhe 80 rakti°-su° 

( b ) chhe 9 gu° — va° 


(c) 


1 

1 


1 1 

1 

1 

1 

1 

1 

; 108 

1 2 

2 

2 

2 

2 

2 

1 


pha° di° 1 dhd° 8 arii° 1. 


Of these examples (a) is orthodox, for according to Manu 80 raktikds or gunjas of 
copper or gold are equal to one suvania. Example (6) is isolated and cannot be 
interpreted with any certainty. Possibly gu° stands for guhja, and possibly va° 
for valla. Example (c) means 1 : (£)* : :1()8 : 1 di° + 8 dhd + 1 am°, where di° = 
dinCtra , dhd — dhdnakd, and arh-am&a ; and it is implied that 4 arh6as = 1 dhanakd, 
and 12 dhdnakds - 1 dindra (fol. 33) and the same relationship is given on folio 49 
recto. The term kdkini (cowrie) occurs once ; satera also occurs (fol. 34) but with 
doubtful import. 

The Guptas adopted the term dindra 2 * from the Kushans together with the 
coin of weight from 118 to 122 grains ; and in a number of Gupta inscriptions certain 
gold coins are termed dindras .* But the dindra was not invariably a gold coin 4 * 
and in the Bakhshall text it probably is a copper coin, for a day’s wages is stated to 
be from H to 3 dindras (fol. 60) ; and also according to MahavTra (vi, 231) 
wages work out about 18 dindras a day per coolie. ’ The term occasionally occurs 
in Sanskrit works of a more literary character and has provoked some discussion. 6 

The term dramma (SpaX/xr)) also occurs in various Indian inscriptions 7 and 
in Indian mathematical works. Bhaskara makes it one-sixteenth of a nishka* and 
in our text wages are about 1 dramma a day. 


Such are the facts but Dr. Hoernle writes* — 

“ The way in which the two terms are used in the Bakhshall arithmetic seems 
to indicate that the gold dindra and the silver dramma formed the 
ordinary currency of the day. This circumstance again points to 
some time within the first three centuries of the Christian era as the 
date of its composition.” 

The subject of monetary measures is thus treated in a vague and unsatisfac- 
tory manner in what remains of the manuscript ; but this is by no means a pecu- 
liarity : it is almost a characteristic of Sanskrit texts of mediaeval times. The 
connexion between measures of money and weight was then fairly intimate and 
they can be hardly considered apart. 


1 (a) 80 raktikds — 1 snvarna. ( b ) 0gu°^\ w°. (c) 108/64 d%ndra=s\ d\ndra+8 dhamJcds + l ath ° . 

* Gk. SrjvApiov, Lat. denarius. 

* J. Allan, Catalogue of the. Coins of the Gupta Dynasty , etc., p. cxxxiv ; J. F. Fleet, CII , iii, nos. 5, 7, 8, 9, 62, 64. 

4 Compare our penny and read Sir A. Stein’s note on the Kashmir dindra in his Kalhapa's Hdjalarangiitl ii, 308ff. See also sec. 
133 below. 

® We must not, however, place very much relianoe on these text-book wages. 

4 JR AS, 1907, pp. 408 and 681, etc. 

7 Epigraphia Indica, I, 167 ; P. Vogel, Chambd Inscriptions , 204, etc. 

4 JAl&vafi, sec. 2. 

* Jnd . Ant . xvii, 1888, p. 37. 
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Hindu Measures of Money. 



Mah&iftm — Gold. 




Ga. 

Gu. 

P»tL 

Dha. 

Ka. Pa. 

Gamjaka 

1 





Gunja 

4 

1 




Pana . 

20 

6 

1 



Dharana 

160 

40 

8 

1 


Karsha 

320 

80 

16 

2 

1 

Pala . 

1,280 

320 

64 

8 

4 1 




Mahdvira — Silver. 



Gr. 

Gu. 

Mft. Dha. 

Ka. Pa. 

Grain 

1 




Gunj& 

2 

1 



M&aha 

4' 

2 

1 


Dharana 

64 

32 

16 1 


Karelia 

160 

80 

40 2J 

1 

Pala . 

640 

320 

160 10 

4 1 



Sridhara. 




BAdskara. 





Va. K5. 

Pa. Pu. 



Va. 

K&. 

Pa. 

Dra. 

Nl 

Varataka . 

1 



Varataka . 

1 





K&kini 

20 l 



K&kini 

20 

1 








Pana . 

80 

4 

1 



Pana . 

80 4 

1 


Dramma 

1,280 

64 

16 

1 


Purana 

1,280 64 

16 1 


Nishka 

20,480 

1,024 

256 

16 

1 




AtblrUm. 





Mdr. 

Pa. 

K». 

Ya. 

And. 

Ma. Su. 

Mdrf . 

1 






P&da . 

4 

1 





Kala . 

16 

4 

1 




Yava 

100 

25 

6i 

1 



Andi . 

400 

100 

25 

4 

1 


Masha 

1,600 

400 

100 

16 

4 

1 

Suvarna 

25,600 

6,400 

1.000 

256 

64 

16 1 



Ra. 

Bakhfih&lt. 

Dha. Dra. 

DI. Su. 

Ra. 

1 



Dhi. 

5 

1 


Dra. 

30 

6 1 


DI. 

60 

12 2 

1 

Su. 

80 

16 2} 

If 1 
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Measures of Weight. 

111. Besides the examples already given (sec. 104), the following are note- 
worthy. : — 


(a) dha u 

1 




aih° 

1 





4* 




ra° 

1 

1±* 

bha° 

ya° 

1 

3 * 

bha° 

ka° 

1 

6±* 

bha° 

(b) 


to° 

3 




ma° 

2 





12* 




am° 

3 





4# 




ya° 

3 





4* l 




ka° 

1 

6 i* 



pa° 

1 





4* 



(c) ra° 1 

ya° 1 
ka° 1 
pa° 1 

4# 

6e° 


(e) 216 bha° 

270 pa° j 
2000* chhe 0 ! 
' 6 to° ! 

8* chhe° j 
8 dha° . 
12* chhe° 1 


(d) chhe° 8* 
dha° 2 
rhhe° 12* 
gum ° 3 

f*hhe° 5* 

va° 2 3** bha c 


3 t * bha° 
61* bha° ! 


These measures are combined in the following table. 



Mfl r . 

Pa. 

Ka c . 

Si°. 

Y*°. 

Ra° 

An°. 

DhS°. 

To 0 . 

Pa° 

Mudrika 

1 










P&dft . 

4 

1 









KaJft . 

16 

4 

1 








Si° . 

40 

10 

n 

1 







Yava 

100 

25 


24 

1 






Paktika 

320 

80 

20 

8 

H 

1 





Andika 

400 

100 

25 

10 

4 

U 

1 




Dhfinaka 

1.600 

400 

100 

40 

16 

5 

4 

1 



Tola . 

19,200 

4,800 

1,200 

480 

192 

60 

48 

12 

1 


Pala . 

153,600 

38,400 

9,600 

3,840 

1,536 

480 

384 

96 

8 

1 


(a) Tn all cases the change-ratios are marked with asterisks (not, of course, in the original). The table means 1 dhd° + 1 J 

r*?*4-l t/a°. 

(b) 3 to°4 2 w«°4 3 trrh°4-3 yn° -\ \ hi 0 f 1 pT. 

(r) I ra° +1 ?/a°-f 1 + H pd°. 

(d) . 2 dAd°-f3 gft/m°4* 2 f/T. 

(*) 216 t>ha° f270 pa° + 6 te° + 8 dha c 
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To this we should add 12 mashas- 1 tola , 5 tolas - 1 suvarrjia and 2000 pala = 1 
bhdra. 

This agrees with the Hindu tables generally but more particularly with that 
of Varahamihira as given by Alblrunl, which, however, contains neither si° nor 
raktikd- both interpolations here, as their fractional change ratios show. Obvi- 
ously Albiruni’s mdri and our mudrika are identical : the term occurs in no other 
Hindu work known to me. The remainder of the table — dhanakas to b haras — does 
not seem so orthodox. Compare with Mahavira. As stated before there is some 
uncertainty as to monetary measures in our text, and it is possible that some of the 
measures included in the above table should be treated as such. 

The combination that occur in the text are as follows : — 

ma, su, to fol. 11 

ya, ra, am, dha ,,49 

mu, pa, ka, ya, ra, am, ma, to . . ... „ 49 

dha, to, pa, bha ........ ,, 48 

dha, gum, ya . . . . . . . . „ 48 

mu, pa, ka, si, ya, ra, am, dha, to ... „ 55 

ya, am, ma, to „ 55 

Possibly the term dra° should be included in the above table. It occurs only 

once (fol. 20) in the phrase chhedam 6 dhd° — dra° which means 6 dha — 1 dra°, 

and this must stand for 6 dhanakas — 1 d rahkshana , for Alblrunl gives 6 mash a — 1 
d ra hks ha n a ; and Mahavira gives 6 bhdffa = 1 drahkshurut , and dhanaka, mdsha 
and bhdffa are synonymous terms as applied to measures of weight. 

The term si° occurs thrice and the calues given are 40 si°- 1 md°, 2i si° - 1 ya° 
and 480 si° = 1 to° - all of which are in agreement. The abbreviation si° probably 
stands for siddhartha. Connected with it there is another measure kv° also un- 
identified. The statement in which both these occur is as follows : — 

| ku° 1| chhe° 128 ma°-ku° \ ma° chhe° 40 si° ma° | sa° 55 { 

Here we have 128 md° = 1 kv° which so far has puzzled me. S a° is an abbreviation 
for sat era; but its connexion with other measures is not clear. Mahavira makes 2 
(lindra — 1 sa.te.ra. The equation 8 suvary a = 1 ku° can be deduced, but is not help- 
ful. Sana (Diet. = 4 mashakas) occurs. 

The measures are generally expressed bv the abbreviations mu, pd, ka, si, ya, 
ra or yum, am, dha or md, to, pa, bha; but occasionally the full terms are employed 
and in one place (fol. 49) a fairly complete set of terms is given, namely — 

dhanaka amdika raktikd yava kald pada mudrika. 

K 
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Hindu Measures of Weight. 


2. Mann and Ycljnavalkya, 2nd — 4th Century A.D. 



Ya. 

Ra. 

MS. Ka. 

Pa. Dha. 

Trasa-renu 

1 




LikshS . . 

8 1 




Kaja-sarsbapa . 

24 3 1 




Gaura-sarshapa 

72 0 3 1 




Yava 

6 1 




Raktika . 

18 3 

1 



Masha . 

15 

5 

1 


Karaha 

240 

80 

16 1 


Pala • • 

060 

320 

64 4 

1 

Dharana . 

9,000 

3,200 640 40 

10- 1 


(a) The Brihaspati Smpiti gives 4 karshas=l clhSnaka and 12 
dhSnakas=l dinara. 


2. Ndrada, 5th — 6th Century, A.D. 


■ 

K&. 

MS. 

An. 

Di. 

K&kani 

1 





M&aha 

4 

1 




An<JikS 

80 

20 

1 



Dhftnaka 

320 

80 

14 

1 


Din&ra 

. 3,840 

960 

48 

12 

1 



Kautilxya. 





MS. 

Gun. 

MS. 

Su. 

Pa. 

Masha 

1 





Gu'nja 

2 

1 




Mashaka 

. 10 

5 

1 



Suvarna 

. 160 

80 

16 

1 


Pala . 

. 640 

320 

64 

4 

1 



3. 

V ar&ha-mihira 

, 6th Century. 



4 . Mahdvxra , 9th Century. 






(After Alblrhnf.) 





















Pa. 

Ka. 

Ya. 

Am, Bha. 

Dra. 

DI. Sa. 



Md. 

PS. 

Ka. 

Ya. 

An. MS. Su. 


Pada . 

1 







Mdri . 


1 






Kala . 

4 

1 






PSda . 


4 

1 





Yava 

25 

61 

1 





Kala . 


16 

4 

1 




AmSa 

100 

25 

4 

1 




Yava 


100 

25 

61 

1 



Bhaga 

400 

100 

16 

4 

1 



And! . 


400 

100 

25 

4 

1 


Drakshuna 

2,400 

600 

96 

24 

6 

1 


MSsha 


1,600 

400 

100 

16 

4 1 


Din&ra 

4,800 

1,200 

192 

48 

12 

2 

1 

Suvarna 


25,600 

6,400 

1,600 

256 

64 16 1 


Satera 

9,600 

2,400 

384 

96 

24 

4 

2 1 


4(o). 

Mahdvxra. 



Pa. Pra. Ta 

BhS. 

Pala 

1 


Prastha . 

12 1 


Tula 

200 16 1 


BhSra 

2,000 160 10 

1 


5. 

Srldhara , 

11th Century. 


Gu. 

MS. 

Ka. Pa. 

Gnnja 

1 



Masha 

5 

1 


Karsha 

. 80 

16 

1 

Pala 

. 320 

64 

4 1 


| 6. BhasJcara, 

12th Century. 


Ya. 

Ra. 

Va. 

Dha. Ga. 

Yava 

1 




Raktika 

2 

1 



Valla 

6 

3 

1 


Dharana 

48 

24 

8 

1 

j Gadyanaka 

96 

48 

16 

2 1 


Bakhsh&ll. 


nr(L pS. ka. si. ya. ra. an. dha. dra. to. pa. bhft. 
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CHAPTER VIII. 

The sources. 

112. In considering the question of exotic influence the period of composition 
•of the work is of importance. We must forget for the time being Dr. lloernle's 
suggestion that the work was written in the early centuries of our era and bear in 
mind that it possibly belongs to a much later period, 1 by which time western mathe- 
matics, although almost all traceable to Greek sources, had assumed new forms anil 
had included some new notions. On the whole western mediaeval mathematics 
tended to become less rigorous and more mixed than the mathematics of classical 
Greece. Practical calculation (logistic) altogether supplanted the earlier pure 
arithmetic, mensuration took the place of pure geometry, and algebra slightly 
developed. Such changes are, indeed, indicated in the later Alexandrian works, 
and what we sometimes term degeneration had already set in there. The intro- 
duction of a place-value arithmetical notation made calculation easier and more 
popular, and more intricate arithmetical problems than those, for example, exhibited 
in the Greek Anthology, appeared in the later mediaeval text-books. The general 
body of popular mathematical knowledge became more diffused. (Identical pro- 
blems occur in Chinese, Indian, Arabic and European text-books of a comparatively 
early period). Indeed the mediaeval mathematical works of Asia and Europe had so 
much in common that at first it seems almost impossible to pick out that which is 
definitely western or eastern in origin. In this connexion it should be remembered 
that the early Hindu astronomers (Aryabhata and Varaha Mihira) were among 
the first to exploit Greek mathematical learning ; that later the Arabs, after sam- 
pling Indian works, turned to those of Greece ; and that it was from the Arabs that 
Europe received once more the learning it had previously rejected. 

113. Such facts indicate to some extent the difficulties of making a direct 
comparison of, say, a twelfth century work with those of the classical Greek period. 
A knowledge of the development or degradation of mathematics during the inter- 
vening period is obviously demanded, and without such knowledge sound judg- 
ment is impossible. That knowledge must be sought elsewhere, but I give here a 
summary chronological table of the period, that may serve to recall the chief mathe- 
matical writers and their works. 


5th century Hypatia 
Proclus 
Boethius 

Aryabhata 

Gth century 

Eutooius 

Damascius j 

[- visited Persia 
Simplicius ) 

Dominus 

Chang ch’ iu-chien 
Varahamilira 
Isidore of .Seville 


A. I>. 
hi. 415 
410-486 
b. 470 
b. 47G 






550 
d. 587 
570-630 


* Specific reasons for arriving at the later date are given in the next chapter. 
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7th century 

Brahmagupta 

b. 698 


Fall of Alexandria 

640/1 


Papyrus of Akhmin 



Bede 

b. 736 

8th century 

Muhammad b. Musa 



Alcuin 

d. 804 

9th century 

Mahdvtra 



Tabit b. Qorra 

836-901 

10th century 

al-Battani 



Avicenna 



Pope Sylvester ii (G-erbert) 

d. 1003 

11th century 

AlbirunI visited India 

1017-1030* 


Sndhara 

b. 991 


al-K&rkhi 



Psellus 



Omar Khayyam 

b. 1046 

12th century 

Adeland at Cordova 

1120 


lihatkara 

b. 1114 


Leonardo 

b. 1176 


114. Although the manuscript was found at Bakhshali it cannot be assumed 
that it originated there. The evidence of the script, however, limits the area of 
origin to the neighbourhood of Gandhara. Roughly the Sarada script area is limit- 
ed by longitudes 72 and 78 east of Greenwich and north latitudes 32 and 36. This 
area includes, besides Gandhara, Kashmir, Kahgra and territories near by. 
Vogel enumerates six inscriptions from Gandhara, some of which belong to the Swat 
valley. The evidence therefore does not militate against Bakhshali itself as the 
actual place of origin. 

115. The position is peculiarly interesting with reference to the routes of trans- 
mission of knowledge and the consequent liability to outside influence. Between 
the fifth century B.O. and the fifth century A.D. the country round Bakhsnfill was 
actually under the dominion of seven different nations : the Persians, the Macedoni- 
ans, the Mauryas, the Bactrian Greeks, the Scythians, the Parthians, the Kush- 
ans : “and ” writes Sir John Marshall, 1 “ it may be taken for granted that, with the 
exception of the Macedonians whose conquest was merely transitory, each of these 
nations in turn left some impress on the arts and culture of the country.” From 
the sixth to the tenth centuries of our era Gandhara was more or less subject to 
the Guptas and their successors and then came the Muhammadan invaders. The 
following are some notable dates relating to the country with which we are con- 
cerned. 

H.(_\ Alexander receives the submission of Ambhi, king of Taxila. 

190 Demetrius of Bactria conquers tlie Punjab. 

85-50 Maues, the Scythian, conquers Taxila, 


1 A Guide to Taxila * p. 23. 
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A.D. 20 circa Gondopharnes the Parthian ruling over Kabul, Taxila and Arachosia. 


60 

Hermams and Kujula Kadphises annex 

Gandhfira. 

120 

Kanishka the Kushan, king of Gandhai 

ra. 

619 

The Gupta era begins. 


400 

Fa-hien entered India by way of Gandhara. 

400-500 

Invasion of India by the Eptkalities or 

White Huns. 

500 

Sung Yun in Gandhara. 


680 circa 

Iliuen Thsang in Gandhara. 


720 

Kashmir subject to China. 


753 

Ou-K’ong visited Gandhara. 


1001 

Mahmud of Ghazni defeats Jaipal near 1 

1‘eshawar. 

1175 

Muhammad Ghori attacks Multan. 



116. The achievements of the Greeks in mathematics and art form the most 
wonderful chapters in the history of civilisation, and these achievements are the 
admiration of western scholars. 1 It is therefore natural that the western investi- 


gator into the history of knowledge should seek for traces of Greek im'luence in 
later manifestations of art and matlie unties in particular. The position of Bakh- 
sliall in the heart of Gandhara, and the political history of that country are such, 
that not only warrant the search for traces of Greek influence, but make it practi- 
cally imperative. Indeed the neglect of such an enquiry would stamp any investi- 
gation of this kind as incomplete. 


Evidence of Greek influence in the realm of art has been discovered in profu- 
sion in Gandliara and the surrounding country. Sir John Marshall writes* “ The 
monuments and antiquities that, have recently been recovered from the soil at 
Taxila and other places, all consistently bear witness to the strong hold which 
Hellenistic art took upon this part of India. This hold was so strong, that long 
after the Greek kingdoms of the Punjab had passed away, even after the Scythians 
and Parthian s, who overthrew the Greeks, had themselves been supplanted by the 
Kushans, Greek art still remained paramount in the North West, and continued 
to exercise considerable influence until the fifth century of our era, although it was 
growing more and more decadent year by year.” 


It would not therefore be unreasonable to imagine that in mathematics also 
there was at least a possibility of Greek influence in the same country and at the 
same period ; and Sir John himself supplies a sort of connecting link bet ween art 
and mathematics. He continues 1 “ This persistence and this slow decadence of 
Greek ideas is best illustrated by the coins, the stylistic history of which is singu- 
larly lucid and coherent. In the earliest examples every feature is Hellenistic. 
The standard weight of the coins is the standard established by Athens : the legends 

are in Greek Later on, when the Greek power in India became consolidated, 

the old Attic standard gave place to one, possibly based on Persian coinage . . 
bilingual legends were substituted for the Greek ; and little by little the other 
Greek qualities gradually faded . . .” 


1 The mortem Indian does not seem to be attracted in this way. 

* A f htide to Taxila , p. 26. 

* //>, p. 27. 
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The case for mathematics is almost exactly parallel, allowance, of course, being 
made for the more abstract nature of the subject ; and the history of mathematics 
gives abundant illustration of the same types of change as Sir John traces in the 
Indo-Greek coinage. 

Enough has been said to show that it would be stupid to exclude the possibility 
of Greek influence in the realm of mathematics on general grounds; and if such 
influence is to be negatived finally it must be for special reasons to be discovered 
by subjecting our manuscript to a detailed examination. 

117. It is unfortunate that the question of origin of the Bakhshall Manuscript 
was discussed and judged upon before the work was thoroughly examined. The 
announcement made by Weber, on the authority of Biihler, at the fifth Interna- 
tional Oriental Congress was based upon no real knowledge at all ; and Dr. Hoernle 
himself only examined in detail about one-third of the manuscript. We do not, 
therefore, feel bound to treat the pronouncements of these eminent scholars on this 
particular subject with the reverence that is usually due to them. Also we know 
that Weber was misled by Biihler and Dr. Hoernle told me that he was prepared 
to modify his earlier views to some extent. With reference to the last point the 
quotations given below must therefore not be taken as expressing Dr. Hoernle’s 
final views. However, they are the basis of all that has been subsequently written 
and it is on them that the position of the Bakhshall Manuscript has been determined 
by the historians of mathematics. Dr. Hoernle summarised his views in the follow- 
ing words : — 


“ T believe that it is generally admitted that Indian arithmetic and algebra, at least, are of entirely 
native origin. While Siddhanta writers, like Brahmagupta and liis predecessor Aryabhata, might have 
borrowed their astronomical elements from the Greeks or from books founded themselves on Greek science, 
they took their arithmetic from native Indian sources. Of the Tains it is well known that they possess 
astronomical hooks of a very ancient type, showing no traces of western or Greek influence . 1 Tti India 
arithmetic and algebra are usually treated as portions of works on astronomy . 2 Tn any case it is impossible 
that the Tains should not have possessed their own treatises on arithmetic, when they possessed such on 
astronomy. The early Buddhists too, are known to have been proficients in mathematics . 3 The preva- 
lence of Buddhism in North-Western India, in the early centuries of our era, is a well known fact. That 
m early times there were also large Jain communities in those regions, is testified by the remnants of Tain 
sculpture found near Mathura and elsewhere. From the fact of the general use of the North-Western 
Prakrit (or the 4 Gathfi dialect ’) for literary purposes among the early Buddhists it may reasonably be 
concluded that its use prevailed also among the Jains, between whom and the Buddhists there was so much 
similarity of manners and customs. There is also a diffusednest in the mode of composition of the Bakh- 
shfili work 4 which reminds one of the similar characteristics observed in Buddhist and Tain literature. All 
these circumstances put together seem to render it probable that in the Bakhshall manuscript there has 
been preserved to us a fragment of an early Buddhist or Tain work on arithmetic (perhaps a portion of a 
larger work on astronomy) which may have been one of the sources from which the later Indian astronomers 
took their arithmetical information/’ 


118. There is not the slightest evidence in the manuscript itself of its being 
connected either with the Jains or Buddhists. It is Hindu (Saivite). The author 
was a Brahman (fob 50) ; to Siva is attributed the gift of calculation to the human 
race (fob 50) ; offerings to Siva are mentioned on more than one occasion (fols. 34, 
44) ; references are made to certain incidents recorded and persons named in the 
Hindu epics (fob 32, etc.) ; 5 and there is not a single reference that could be con- 
strued as indicating any connexion with Buddhism or Jainism. 


1 The reference is probably to the firlrt/aprajnajtfi. See my Hindu Agronomy, pp. 19-21. 

* Not before the advent of western astronomy. 

3 Is Dr. Hoernle hero thinking of the incident related in the Lalitavistara and popularised by Arnold ? The legend, according 
to Weber, “ carries no weight whatever.” 

4 I should not myself have noted this as a characteristic of the Bakhshall work. 

1 And these references occur in the portions of the MS that were not critically examined bv Dr. Hoernle. 
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119. Further there are indications of a connexion with Muslim mathemati- 
cians (§ 120) and there is other internal evidence that points to a much later date 
than Dr. Hoernle’s thesis allows. It is rather curious that the connexion between 
arithmetical and astronomical works that Dr. Hoernle points out only holds for 
those later works which distinctly show western influence. For the major assump- 
tion “ that Indian arithmetic and algebra are of entirely native origin ” Dr. Hoernle 
was not himself responsible. It was a common opinion, that still obtains to some 
extent. One point appears at first sight to be in favour of Dr. Hoernle’s argument 
(but of which he could not have been aware), namely that in some matters of 
detail 1 the Bakhshall work more closely resembles the Ganita-Sdra-sangraha of 
Mahavira than any other Indian work on mathematics. 

120. Although the mediaeval works of East and West have so much in common 
yet there are differences even in the later treatment of topics and notions that had 
originally a common origin. For example the Indians, although they adopted the 
western sexagesimal notation for astronomical purposes did not utilise this nota- 
tion for purposes of arithmetical calculation. On the other hand the Muslim 
mathematicians commonly employed this notation to express ordinary fractional 
quantities. Now in the Bakhshall Manuscript is an example of the transforma- 
tion of a simple fraction expressed in the ordinary way to the sexagesimal notation. 
This transformation may be represented by 

l 29 = 6 + 8' + 16" + 33" '6” ~ 

No such example occurs in any early Hindu work and there is not the slightest 
doubt that it indicates direct western influence. Indeed our author could have 
hardly provided us with a more conclusive piece of evidence. 

Again our manuscript exhibits a method for finding approximate roots of surd 
quantities that is not Indian. The method may be represented by ■ v /A a + b = A + 
b/2A approximately, and closer approximations may be achieved by continuing the 
process. The sutra embodying this method is given three times and a number of 
examples of first and second approximate evaluations is given. Indeed this 
square-root method is one of the most prominent topics of the work. Its history 
is quite well known (See §69). It occurs in many western works from the time 
of Heron onwards but it occurs in no Indian work earlier than the twelfth century : 
indeed the earliest record of this method in an Indian work (other than the Bakh- 
shall Manuscript) known to me is of the 1 6th century ! 

There is an interesting similarity between part of our text and the arithmeti- 
cal papyrus of Akhrnin (See §89). There are problems of the type of the Epanthem 
which can also be traced to a definite Greek source (See p. 40) , but in this and 
other cases it is possible that the problems reached the Bakhshall Manuscript by 
way of other Indian works. 

121. But, of course, this evidence of western influence does not mean that the 
work was not Indian. It is, indeed, almost as Indian as any other mathematical 
work of the period. It contains references to Hindu mythology and to Hindu 
deities : and the language is Indian of a sort : the script is an off-shoot of the classi- 
cal script of northern India ; the form of presentation is Indian ; and the material 
of most of the examples is Indian. 

The general conclusion is that the work is mainly Indian, but that, as was to 
be expected, it shows signs of outside influence, and it gives rather special promi- 
nence to the non-Indian material used. 


*But these have not the slightest Jaina significance. 
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CHAPTER IX. 

The Age of the Manuscript and the Age of the Work. 

122. Dr. llocrnle held that the mathematical treatise which is written out in 
the so-called Bakhshall Manuscript was considerably older than the manuscript 
itself. Indeed he thought that the work was composed about six centuries earlier 
than the copy we are considering. He excluded the possibility of our manuscript 
being a translation for he largely based his estimate of the age of the work on the 
antiquity of the language employed in the manuscript. If Dr. Hoernle were right 
in Ids differentiation between the age of the work and of the Bakhshall copy then 
we should have to consider the possibility of other copies being preserved and the 
probability of the work being known to other mathematical writers of the interven- 
ing centuries. Dr. Hoernle, indeed, did suggest that the work was one of the 
sources from which the early Hindu mathematicians drew inspiration, but without 
any justification. Unfortunately Dr. Hoernle’s reasons for his views as to the ages 
of the manuscript and the work are not satisfactory and we are compelled to reject 
his conclusions altogether. Of course it will be impossible to say definitely that 
the manuscript is the original and only copy of the work but we shall be able to 
show that there is no good reason for estimating the age of the work as different 
from the age of the manuscript to any considerable degree. 1 

There are certain general causes for Dr. Hoernle’s mistaken conclusions. He 
examined in detail only a comparatively small portion of the manuscript ; the his- 
tory of the ftarada script was not well known thirty years ago ; there lias since that 
time been light thrown upon the type of language used in the manuscript, and the 
knowledge of mediaeval mathematics has been extended. 

Tt, is proposed therefore to re-examine in detail the whole question of age and 
in the course of the re-examination Dr. Hoernle’s arguments will receive due con- 
sideration. 


The age of the manuscript. 

(a) The circumstances of the find. 

123. The circumstances of the find have already been described in detail (<j3). 
They led Btihler and Weber to suggest that the manuscript might prove to be of 
the age of Kanishka, i.e., of the second century of our era. We need not labour 
this point. The suggestion was based upon a misunderstanding and there is not 
the slightest evidence to support it. Tt was discarded by Dr. Hoernle, who, how- 
ever, follows much the same line of thought in arguing for a slightly later date. 
He writes “ The country in which Bakhshall lies and which formed part of the 
Hindu kingdom of Kabul, was early lost to Hindu civilisation through the con- 
quests of the Muhammadan rulers of Ghazni, and especially through the celebrated 
expeditions of Mahmud towards the end of the tenth and the beginning of the ele- 
venth centuries A.D. In those troublous times it was a common practice of the 
learned Hindus to bury their manuscript treasures. Possibly the Bakhshall 
manuscript may be one of these. Tn any case it cannot well be placed much later 
than the tenth century A.D. Tt is quite possible that it may be somewhat older.” 

Dr. Hoernle assumes that the manuscript could not well have been written 
after the time of Mahmud. Regarding the alleged burial custom I can say nothing. 


vf 


l There is evidence that- the MS is not a conv at all. Tt is not the work of a single scribe : there are cross references to 
the manuscript ; there is a case of wrongly numbering a fra and the mistake is noted m another hand- writing. 


leaves 
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It may have been prevalent among ‘ learned Hindus ’ ; but there is not the slight- 
est evidence to show that the Bakhshall manuscript was deliberately buried. 


( b ) The material. 

124. The material on which the work is written is birch -bark, which was the 
common writing material for a considerable period of time in Kashmir and its 
neighbourhood. Unfortunately we have very few birch-bark manuscripts earlier 
than the fifteenth century preserved, so it would be rash to fix definitely the earlier 
limit of its use. However the earliest known birch-bark manuscript belongs to 
about the second century of our era and we know that this material was in common 
use in Kashmir until about the seventeenth century. There will be little danger 
in placing our manuscript within the limits here indicated. 


But there was fashion in birch-bark manuscripts, and the process of prepara- 
tion of the material developed. The strips of bark from which the leaves for writ- 
ing upon are obtained can generally be split up into a number of lamina'. Some 
scribes were content with comparatively coarse material, obtained by dividing the 
original strip into two similar strips ; but sometimes the sub-division was carried 
on much further and very thin strips were obtained, two of which cut to the re- 
quired size were pasted together to form a writing leaf. Portions of the Bower 
manuscript and all of the Bakhshall manuscript are of the cruder form, while the 
Kashmerian Artharva Veda consists of the more elaborately prepared and finer 
writing material. There might appear to be little doubt that the use of the cruder 
material denotes an earlier period, but there is a good deal of doubt really ; and the 
scarcity of known specimens reduces the value of any criterion based upon this 
fashion. 


(e) Formal. 

125. The shape and size of the birch-bark leaf might also be expected to give 
some indication of age. The format of the Kharoslithl Dhannnapada from Khotan 
was probably due to early western influence while the Bower manuscript format 
was probably due to the Indian palm-leaf potlil. The Bakhshall format differs 
considerably from both of these and is certainly of a later date. I)r. Ifoernle 
thought the Bakhshall manuscript was the prototype of the early Indian paper 
book, but it might have been the other way round (See §16). 


The Script. 

126. The script will be described in some detail later on and the chronological 
evidence it gives will be indicated. The earlier orientalists had rather inaccurate 
notions about its chronology. Biihler stated that the oldest ftarada inscription 
was that of Baijnath, which he dated A. D. 804 instead of A. D. 1204, while Dr. 
Hoernle took the Sarada script back to A. D. 500. The main facts relating to the 
chronology of the Sarada script are as follows : The earliest known examples are of 
the ninth century and are found on certain coins of the Varma dynasty of Kashmir. 
There are at least two inscriptions of the tenth century, namely the Sarahan in- 
scription and an inscription of the reign of Queen Didda. Many dated inscriptions 
of the eleventh and twelfth centuries have been preserved. At the beginning of 
the thirteenth century is placed the Baijnath inscription, with which, according to 
Vogel, the history of the Sarada proper comes to an end. 

L 
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Of the script of the Bakhshali manuscript Dr. Hoernle first wrote 1 — “ Some 
of the forms which very frequently occur in the manuscript, especially of vowels, 
very closely resemble the forms used in the Asoka and early Gupta inscrip tions.” 
The implication here made he slightly modified later 2 by writing as follows : — 

“ The ftarada characters used in it exhibit in several respects a rather archaic type, 
and afford some ground for thinking that the manuscript may go back to the 8th 
or 9th century.” “ But,” he wisely continues, “in the present state of our epigra- 
phical knowledge, 1 arguments of this kind are always somewhat hazardous." 

Every letter of the manuscript has now been examined and the script has been com- 
pared with other available examples and the following age criteria have been 
applied : — 

(i) Vogel thinks that the form of the letter n is a fairly reliable test of age. 
Table I, Part II exhibits three distinct types. The Sarahai* example 
has a horizontal connecting stroke in the middle of the letter, the 
Baijnath example is without this horizontal stroke but has a tail 
turning inwards from the left. The Bakhshali manuscript shows no 
examples of either the horizontal middle stroke or of the left hand 
tail, and thus seems to place itself between the Sarahan inscription 
(tenth century) and the Baijnath prakistis (early thirteenth century). 

(it) The common method of forming medial a is to add a knob to the top 
right hand of the matrika and of this method there are hundreds of 
examples in our manuscript ; but in the case of jd modification of the 
matrika was the rule. There is, however, an isolated example (folio 
16, recto, the sixth akshara of the third line from the bottom) where 
the commoner method is applied for jd. According to Vogel this 
method of writing jd came into fashion about A. D. 1200. This test, 
if reliable, is rather intriguing, as is also the next one. 

{in) Medial / and i are generally formed as in Devanagarl, but there was an 
older practice of forming them by sickle-shaped curves above the 
matrikas and of this older type there are two or three in our 
manuscript (folios 1 verso, .52, recto et verso, 60 recto). According to 
Vogel these superscribed short and long *s dropped out of use about 
A. D. 1200. 

(iv) The slanting superscribed medial e tends to become horizontal in later 
Simula, c.r/., in the Baijnath inscription. In our manuscript the 
stroke is nearly always slanting but there are a few examples where 
it is horizontal. Also another method of expressing medial e is by a 
stroke behind the matfika and this method is exemplified 269 times 
in our manuscript. The anecdote related by Vogel (p. 96) shows 
that this back stroke method was not in general use in the fifteenth 
century. 


(v) Medial ni is formed in two ways and according to Vogel the change 
took place about A. D. 1100. In the Bakhshali Manuscript there are 
19 examples of the older method as against 61 of the more modern 
method. 


* Indian Antiquary xii, 1883, p. so. 

* Tb. xvii, 1888, p. 30. 

8 Our epigraphieal knowledge of the Sfirada script has been largely extended by the researches of Dr. Vogel, whose volume on 
The Antiquities of Chamhfi has been of the greatest help in the present enquiry. 
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{vi) Medial o is expressed in three ways of which the most modern method 
largely predominates in the text. 

The following statistics are interesting. (See pages 95 — 98.) 


Older [*e] 

Newer [h~] 

MEDIAL E. 


70% 

30% 

Sarah ap inscp. 

xth cent. 

57% 

43% 

Charnba, No. 25. 

xitli ,, 

44% 

56% 

Bakh shrill manuscript. 


0% 

100% 

Ant. of Charnba, p. 63. 

xiiith „ 



MEDIAL O. 


Old |>] 

Middle [5] 

New [5] 


58% 

12% 

30% Sara hap inscp. 

xth cent. 

10% 

20% 

70% Charnba, No. 2. 

>. xitli ,, 

13% 

10% 

77% Bakhshali manuscript. 

0% 

10% 

90% Ant. of Charnba, pp. 64, 65. xiiith „ 

The second table may be 

combined thus 




MEDIAL O. 


Older 

Newer 



70% 

30% 

Sarah an inscp. 

xth cent. 

30% 

70% 

Charnba No. 25. 

xith „ 

23% 

77% 

Bakhshali manuscript. 


10% 

90% 

Ant. of Charnba, pp. 64, 65. 

xiiith „ 

This scriptual evidence is rather remarkable and is as convincing as such evi- 
dence can well be ; but I must add a word of caution. Fashion in writing is not 


altogether a matter of chronology : it is also largely a matter of locality. Indeed 
no single criterion based upon script is infallible, but it is significant that all the 
evidence that the Bakhshali script gives points to some time about the twelfth 
century, and there is not a single item of evidence of any type against this 
conclusion. 

L 2 
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Symbols and notation. 

127. Not unconnected with the scriptual questions are the forms of symbols, 
and particularly those connected with the arithmetical notation. 


The negative symbol, or minus sign, is a cross + ,the use of which for this parti- 
cular purpose is unique. The nearest approach to this use is the inverted xf/ (</») 
employed by Diopliantus to indicate a negative quantity. Dr. Hoernle rejected 
the Diopliantine origin of the Bakhshali symbol on the ground that “ the Hindus 
did not get their elements of the arithmetical science from the Greeks.” 1 That 
such a sweeping assumption as this is altogether unjustifiable has been already 
shown, and the implication that the work is wholly Hindu in origin has never been 
proved. l)r. Hoernle attempts to trace the sign back to the Asoka ha but, as he 
confesses, not with much success. However he suggests that the Bakhshali symbol 
is “ a mark of great antiquity.” Bee § 61 for some further discussion. All that 
we can now say is that the use of this symbol cannot be traced to an Indian source. 


The arithmetical notation employed will be referred to again (sec § 130). Here 
we are concerned with the forms of the symbols only. In my paper published by 
the Asiatic Society of Bengal in 1912, I attempted to place these symbols epigraphi- 
cally. Unfortunately we have very few examples of numerical symbols written in 
early Sara da, but on the whole the Bakhshali symbols resemble most closely those 
of the Devl-rl-koth! Fountain inscription 2 of A. D. 11,59. The Sarada numerical 
symbols are fairly consistent in form but there are rather peculiar variations of the 
“ four ” and “ six.” The Bakhshali “ four ” most closely resembles the example in 
No. 1,5 Chamba which probably belongs to the eleventh century. 3 4 The evidence is 
really too scanty for us to form any definite conclusion. 


Language. 


128. Dr. Hoernle writes *: — 

“ The Bakhshali arithmetic is written in that peculiar language which used to be called the Gatliii 
dialect, but which is rather the literary form of the ancient North- VVcstern Prakrit (or Pali). It exhibits 
a strange mixture of what we should now call Sanskrit and Prakrit forms. As shown by the inscriptions 
(e.g., of the Indo-Kcythian kings in Mathura) of that period, it appears to have been in general use, in 
North-Western India, for literary purposes till about the end of the third century A.D., when the proper 
Sanskrit, hitherto the language of the Biahmanio schools came into general use also for secular compositions 

Its use, therefore, in the Bakhshali arithmetic points to a date not later than the 3rd or 4th 

century A.D. for the composition of that work.” 


It would be presumptuous for me to contradict Dr. Hoernle on linguistic 
matters, and his opinion here carries great weight. But from the evidence before 
me I am compelled to disagree here, as elsewhere, when he is speaking of the age of 
the work. He gives a number of examples of the “ peculiar characteristics ” of the 
language of the Bakhshali work, on which he appears to have based his views. Now 
every single one of these “ peculiar characteristics ” is common in Sarada inscrip- 
tions of the eleventh and twelfth centuries. Indeed their very occurrence helps to 


1 hid. Ant. xvii, 1888, p. 34. 

* Ant* of Chamba , p. 212. 

* The resemblance of some of the numerical symbols to letters is noted in part ii. Btihler (Ind. Pal . p. 83) states that 
symbols for 4 and 9 are ‘ ancient letter numerals *; but the ‘ letter numeral theory ’ has succumbed 1 

4 Ind. Ant. xvii, 1888, pp. 39-37. 
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confirm the evidence supplied by the script {§ 126). As it is proposed to devote 
the second volume of this work particularly to linguistic matters 1 give here only 
a list of Dr. Hoernle’s “ peculiar characteristics ” with references to the Chamba 
inscriptions [in square brackets] where the same peculiar characteristics occur. 


(a) “ Insertion of euphonic consonants.’’ [No. 32.J (b) “ Insertion of s.” 

[Inscp. No. 32, p. 210.] (c) “ Doubling of consonants.” [Nos. 15 & 32.] (d) “ Pecu- 

liar spellings.’’ [Everywhere.] (e) Confusion of ri and ri. [Nos. 15 (p. 165), 24 
(p. 184), 25 (p. 188), 26 (p. 198).] (/) “ The ji/tvdmCiliya and the ttpadh mdniya. are 

always used before gutturals and palatals respectively.” [“ It is one of the most 
notable characteristics of the Sarada, writes Dr. Vogel, “that we find the 
jihvdmuliya and tt pad hind n tya used with great regularity.” (p. 58) See Nos. 13, 
12; 15, 128; 32 (p. 210), etc., etc.] (y) "Irregular sandhi.” [Nos. 14 (p. 161), 
24 (p. 184), 26 (p. 198), etc., etc.] (/<•) “ Confusion of the sibilants ” [Nos. 14 (p. 
161), 15 (p. 165), 24 (p. 184), 25 (p. 188), 26 (p. 198).] (i) “ Confusion of n and n.” 
[Nos. 14 (p. 161), 15 (p. 165), 26 (p. 198).] (/) “Elision of a final consonant.” 

[No. 14 (p. 161) where the same actual examples occur.] (/r) “ Interpolation of 
r.” [ ? .] ( l ) “ Etymological and syntactical peculiarities.” [Passim.] (m) 

“Peculiar forms.” [Passim.] (n) “Peculiar meanings.” Dr. Hoernle’s inter- 
pretation of the two examples he gives cannot be accepted. 


My references to eleventh and twelfth century inscriptions here given make 
no pretence of being exhaustive. They are merely given to justify my non-accept- 
ance of Dr. Hoernle’s views. On this matter I shall await the verdict of those more 
competent to judge than I ; but my tentative conclusion is that the language of the 
manuscript is not appreciably earlier than the script itself. 


Metre. 

129. In 1888 Dr. Hoernle wrote': — 

“ It appears that the earliest mathematical works were written in the floka measure; hut from about 
the end of the 5th century A.D. it became the fashion to use the drya measure. Aryabhata c. 500 A . I) . , 
A’araha Mihira c. 550, Brahmagupta c. 630 all wrote in the latter measure. Not only were new works 
written in it, but Slohi works were revised and recast in it. Now (he Bakhshalt arithmetic is written in the 
floka measure; and this circumstance carries its computation back to a time anterior to that change 
of literary fashion in the 5th century A.D. M 


This statement is altogether misleading. Mahavira’s (! anila-an ra -unity ra ha 
(9th century) is largely in slohas, and the Surya Siddhu n ta (c. 1100 A.D.) was 
written in that measure ; and a number of other works dealing with astronomy and 
mathematics written in the si oka measure and rather later than the Silrya Sid- 
dhdinta are known. Also we can point to a number of Sarada inscriptions of the 
eleventh and twelfth centuries in which the sl-oka measure is employed. It is un- 
fortunate that Dr. Hoernle’s obsession regarding the age of the work led him to 
employ this rather disingenuous argument, for it was repeated and emphasised by 
M. Cantor, the historian of mathematics, in his great work. 1 2 The subject, of the 
metres employed in the Bakhshall manuscript will be more fully dealt with in the 
second volume of this work. 


1 Ind. Ant., xvii, 1888, p. 36. 

1 Vorlesungcn iiber Oeschichte der MalkemaUh (3rd edition), vol. i, p. 508. 
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Arithmetical notation. 

130. The arithmetical notation employed throughout the manuscript is the 
modern place-value notation. If we knew the period when this notation was first 
employed in the north-west of India we should have some criterion for the earlier 
limit of the date of the work. Note that we are not here so much concerned with 
the date and place of the invention of the modern notation as with its introduction 
and early use in the north-west of India. Obviously we should search for evidence 
of this in other manuscripts, on coins and inscriptions generally. Before we deal 
with such evidence, however, it may be as well briefly to refer to the broader aspect 
of the question. 


According to the Hindus the modern place-value system of arithmetical nota- 
tion is of divine origin. This led the early orientalists to believe that, at any rate, 
the system had been in use in India from time immemorial ; but an examination of 
the real facts shows that the early notations in use were not place-value ones and 
that the modern place-value system was not introduced until comparatively modern 
times. The early systems employed may be conveniently termed (a) the Kha- 
roshtl (6) the Brahml (c) Aryabhata’s alphabetic notation (d) the word-symbol 
notation. 


(a) The “ Kharoshflii ” script, written from right to left, was in use in the 
north-west of India, Afghanistan and Central Asia at the beginning of the Chris- 
tian era. The notation is shown in the accompanying table. The smaller elements 
are written on the left. 


( h ) The “ Brahml notation ” is the most important of the old notations of India. 
It might appropriately be termed the Indian notation for it occurs in early inscrip- 
tions and was in fairly common use throughout India for many centuries. The 
symbols employed varied according to time and place but on the whole their form 
was fairly consistent. They were written from left to right with the smaller ele- 
ments on the right. Several false theories as to the oiigin of these symbols have 
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NUMERICAL NOTATIONS. 


been published, some of which still continue to be recorded. The earliest orienta- 
lists gave them place-value, but this error soon disproved itself ; it was then sug- 
gested that they were initial letters of numerical words ; etc., etc. 
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(c) Aryabhata’s alphabetic notation also had no place- value. It was written 
and read from left to right but differed from the Brahml notation in having the 
smaller elements on the left. It may be exhibited thus : 


Letters. 

k 

kh g 

gh 

?i 

eh chh j 

jh 

h. 





V alues. 

1 

2 3 

4 

5 

6 7 8 

9 

10. 





Letters. 

t. 

th 

d 

dh 

n t 

th 

d 

dh 

n. 



Values. 

11 

12 

13 

14 

15 16 

17 

18 

19 

20. 



Letters. 

P 

ph 

b 

bh 

rn y 

r 

l 

V 

.s< 

sh s 

h. 

Values. 

21 

22 

23 

24 

25 30 

40 

50 

60 

70 

80 90 

100. 


The vowels indicate multiplication by powers of one hundred. The first vowel 
a may be considered as equivalent to 1000, the second vowel i 100 1 and so on. The 
values of the vowels may therefore be shown thus : 

Vowels, a i u ri li e ai o an. 

Values. 1 10 2 10 l 10" 10 s 10 10 10 12 10 14 10“. 

The following examples taken from Aryabhata’s Gitikd illustrate the applica- 
tion of the system : 


khyvkhri = (2 + 30). 1 0 1 + 4.10 s - 4,320,000. 

chayagiyihv svlchhli = 6 4-30 + 3.10 2 + 30.10 2 + 5.10' I-70.10 4 i (50 -i- 7). 10" ---57,753,336. 

The notation could thus be used for expressing large numbers in a soil of 
mnemonic form. Aryabhata’s table of sines was expressed in this notation, which, 
by the way, was used only for astronomical purposes, ft did not come into ordin- 
ary use in India, but some centuries later it appears occasionally in a form modified 
by the place-value idea with the following values : 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

k 

kh 

9 

gh 

h 

ch 

chh 

/ 

jh 

h 

t 

th 

d 

dh 

n 

t 

th 

d 

dh 

n 

V 

ph 

b 

bh 

m 






y 

r 

l 

V 

6 

sh 

s 

h 

l 



Initial vowels are sometimes used as ciphers also. The earliest example of 
this modified system is of the twelfth century A. D. Slight variations occur. 

( d ) The word-symbol notation. — A notation that became extraordinarily po- 
pular in India was introduced about the seventh century A. D., possibly from the 
East. In this notation any word that connotes the idea of a number may be used 
to denote that number : e.g. Two may be expressed by nay ana, an eye, or karna , 
an ear, etc. ; seven by a&va, a horse (of the sun) ; fifteen by tithi, a lunar day ; 
twenty by nakha, a nail (of the hands and feet) ; twenty-seven by nakshatra, a lunar 
mansion : thirtv-two by danta, a tooth ; etc. This notation, it is said, was used 
by Brahmagupta. 
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( e ) The modern place-value notation — The orthodox view is that the modem 
place-value notation that is now universal was invented in India ; and until re- 
cently it was thought to have been in use in India at a very early date. Hindu 
tradition ascribes the invention to God ! According to Masudi a congress of sages, 
gathered together by order of king Brahma (who reigned 366 years), invented the 
nine figures ! Patanjali and other early writers are supposed to make references 
tc the place-value system. An inscription of A. D. 595 is supposed to contain a 
genuine example of the system ; l according to M. Nau 2 the “ Indian figures ” were 
known in Syria in 662 A. D. ; and certain other mediaeval works refer to “ Indian 
numbers ” ; and so on. 

On the other hand it is held that there is no sound evidence of the employment 
in India of a place-value system earlier than about the ninth century A.D. The 
suggestion of “ divine origin ” indicates nothing but historical ignorance ; Masudi 
is obviously wildly erratic ; the inscription of A. D. 595 is not above suspicion 1 
and the next inscription with an example of the place-value system is nearly three 
centuries later, while there are hundreds intervening with examples of the old non- 
place-value system. The references to Tndia in mediaeval works do not necessarily 
indicate India proper but often simply refer to “ the East ” and the use of the term 
with regard to numbers has been further confused by the misreading by Woepcke 
and others of the Arabic term hindasi (geometrical, having to do with numeration, 
etc.), which has nothing to do with India. 3 Again, it has been assumed that the 
use of the abacus “ has been universal in India from time immemorial ” but this 
assumption is not based upon fact, there being actually no evidence of its use in 
India until quite modern times. Further, there is evidence that indicates that the 
notation was introduced into India, as it was into Europe, from a right-to-left 
script. 4 

131. As this subject is a matter of general controversy it behoves us to be 
circumspect about drawing definite conclusions from the occurrence of the modem 
place-value notation in our manuscript. As indicated above the proper procedure 
is to examine the evidence relating to the earliest appearance of this place-value 
notation in the north-west of India. Of manuscripts there are very few earlier 
than the twelfth century and none of these gives any example of the new notation ; 
of coins there are plenty of examples but none earlier than eleventh century gives 
any example of the new notation ; and the earliest inscription of this part of the 
world with any evidence of the new notation is not before the tenth century A.D. 
To suggest that the Bakhshall manuscript was independent of all the circumstances 
that governed the epigraphical appearance of the new notation generally would 
be unscientific. 

Dr. Hoernle was very dogmatic. He wrote, in 1888, “ It is certain that the 
principle* was known in India as early as A. D. 500. There is no good reason why 


1 The figures were added at a later date. A cursory examination of the plate ( Epigraphia Indica, vol. ii, p. 20) makes 
this obvious. 

* Journal Asiatique, 1910, p. 209. M. Nau's ‘ authority ’ does not read well. He speaks of the Hindus’ noble discoveries in 
astronomy — more ingenious than those of the Greeks and Babylonians. 

8 About nine hundred years ago Albirunl wrote (Tndia, ii 211) — “ They .... relate all sorts of things as being of Indian origin, 
of which we have not found a single trace with the Hindus themselves.” 

4 For a more detailed examination of this question see my papers on (1) Indian Arithmetical Notations , JASB 1907, 475-508, 
(2) The use of the Abaevs in ancient India> JASB 1908, 293-297 ; References to Indian Mathematics in certain Mediaeval works , JASB 
801-806. In 1917 in Scirntia (1917, pp. 273-282) Baron Carra de Vaux pursued a line of investigation completely different 
from that I had myself followed and came to the same conclusion, namely that the original home of the modern place-value nota- 
tion could not well have been in India. For a popular exposition of the other side of the controversy see Smith and Karpinsky The 
Hindu Arabic Numerals . 

4 That is the place-value principle. The quotation is from the Indian Antiquary of 1888 (xvii), p. 38. 
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it should not have been discovered considerably earlier. In fact, if the antiquity 
of the Bakhshali arithmetic be admitted on other grounds, it affords evidence of 
an earlier date of the discovery of that principle." Biihler is bolder still, “ If 
Hoernle’s very probable estimate of the antiquity of the arithmetical treatise, cod • 
tainedinthe Bakhshali manuscript, is correct," lie writes, “ its (i.e., the phiee-vaiue 
notation’s) invention dates from the beginning of our era or even earlier.” 1 

132. There are two other criteria suggested by Dr. Hoernle, namely («) the 
length of the year mentioned in the text, and ( b ) the occurrence of the term dindru. 
Regarding the former he came to no definite conclusion but seems to have thought 
that there was some correspondence between the year of 360 days that occurs in 
the text, and the accepted estimate of the length of the year at the period of com- 
position of the work. Had he gone into the matter further he might ha ve come to 
the conclusion that the Bakhshali work had been composed in pre-Vedic 
days ! It seems hardly possible for any one to be misled by such “ internal evi- 
dence " but it may be as well to point out that the practice of reckoning the year as 
consisting of 360 days for the purpose of arithmetical examples was quite common 
in mediaeval Indian works. Mahavira and Siidhara actually give I year =360 days 
in their tables of measures, and the latter adds the remark — “ Time is calculated 
according to this rule in all arithmetical works." 

133. Dr. lioernle’s argument regarding the use of the dinara is as follows : 

In the early centuries of our era the dindra in use in India was the gold one only, 
and "the Bakhshali arithmetic seems to indicate that the gold dindra and the 
silver dramma formed the ordinary currency of the day. This circumstance again 
points to some time within the first three centuries of the Christian era as the date 
of its composition." 2 The only reply that this statement calls for is to state that 
all the evidence of our text points to the use of a copper dindra and there is not the 
remotest indication of a golden dindra /' (See § 110.) 

134. There are other indications rather than evidence of the age of the work in 
the material of the text. The occurrence of the square-root, rule already referred 
to would not be an anachronism if it were found in any Indian text from the time 
of Aryabhata onwards — but it occurs in no known Indian text until very late indeed, 
and its appearance in the Bakhshali manuscript is probably due to direct western 
influence, possibly to Muslim influence. Such evidence is valueless to the inex- 
pert : it can only carry weight with those who have a very fair knowledge of the 
mathematical field of the period. Likewise the employment of the sexagesimal 
notation points in the same direction, but the general reader must bear in mind 
that this notation had been used by Hindu astronomers from the time of Arya^ 
bhata, and that the arithmetical use of it in our text is rather a matter of western 
fashion than the introduction of a new idea. 

The employment of the regula falsi is evidence of a slightly different character 
It occurs in no Indian work until the time of Mahavira, 4 and it was probably, even 


* Ind. Pal. p. 82. 

* Tjoc. tit.* 37. It is noteworthy that the miislim arithmetical works often devoted a section to the Dirham and Dln&re. See 
E. WIEDEMANN Beitriqe z. Gewh d. Natur Wissenschaftm, xiv, pp. 29 and 31. 

* Sir A. Stein, in 1900, wrote : “ This word, undoubtedly derived from the denarius of the West, is well known to Sanskrit 
lexicography as the designation of a gold coin usually spelt dindra. But the manifest impossibility of accepting this meaning for the 
passages of the Chronicle which mention sums in Dxnndras , has already struck Dr. Wilson. Noticing in two passages figures are 
given which, if calculated in gold would be large beyond all credence, he suggested that the * Dinars’ meant might have been of 
copper. Curiously enough, however, none of the subsequent interpreters seems to have followed up the suggest ion tlu own out by 
Wilson, or to have otherwise paid attention to the subject.” Kalhatta's Rtiiataranginl, vol. IT, p. 308. He then goes on to 
prove that the dindra used was a copper one. The whole of the dissertation should be read, pp. 308-328. 

« SeehiaGanita-s&ra-sangraha vii, 112. His employment of the method is rather special and limited. In Northern India 
the first known use of the method occurs in the twelfth century. 

M 



in the west, a fairly close predecessor to an algebraic symbolism. There is also 
other evidence that our work was probably produced not long before an algebraic 
symbolism came into use. 

135. Of the evidence as to age discussed some is of doubtful value ; but there 
remains a good deal that must be considered as giving no uncertain indication, and 
the period indicated is in all cases about the twelfth century. The script, the lan- 
guage, the contents of the work as far as they can give any chronological evidence, 
all point to about this period, and there is no evidence whatever incompatible with 
it. Bhaskara was born in A. D. 1114, Omar Khayyam was flourishing in the early 
part of the century, Adelard of Bath visited Cordova in 1120, Leonardo was born 
in 1175 : and it was during this period that the Bakhshall work was probably com- 
posed. It is possible that in the future more light will be thrown upon the script 
and language of the locality and period of the Bakhshall manuscript ; and that, 
if the manuscript be required as suggested, further internal evidence will be forth- 
coming Such further discoveries may modify the conclusions now drawn regard- 
ing the age of the manuscript ; but they cannot very well put the date of composi- 
tion of the work back to any great extent. 
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i .- The Script. 


The Bakhshall manuscript is written in the Sarada character, which is a des- 
cendant of the Brahmi, in a line distinct from but parallel with the N agar! line of 
descent. With the last mentioned Sarada has many features in common, but, 
generally speaking, it is much more archaic in appearance. The Sarada script, 
although not nearly so well known as the Nagarl, has been examined and written 
about to some extent. Leech’s Grammar of the Cashmeerce Language {.I A SB. 
xii, 1894, 399 sqq.) gives the alphabet. Bidder's lndische Pa ine or graphie , gives 
useful, but sometimes misleading information; Vogel’s Antiquities of Ghamba 
State (1911) contains the most valuable contribution — and to this I am chiefly in- 
debted ; Ojha’s Bhdritiya Prdchina Lipimdld gives some useful tables, but, so far 
as the Sarada script is concerned, is largely based on Vogel’s work. Sir George 
Grierson’s paper in the Journal of the Royal Asiatic Soicety (1916, xvii, 677 sqq.) 
contains tables of ligatures, etc., of modern Sarada ; and in his note in the Linguis- 
tic Survey of India (Vol. viii, Part ii, page 254) he states that the Sarada charac- 
ter is the ancient indigenous character of Kashmir, and that it is still generally 
used by Hindus and is taught in their schools in that count ry. I have not yet been 
able to obtain a copy of Burkhard’s tables,* which, according to the editors of the 
Kashmirian Atharvaveda , contain transliterations of 340 characters and ligatures. 

The principal examples of the Sarada script, that are known come from Kash- 
mir 1 and Jammu; Gandhara 8 (in which the village of Bakhshall is situated) ; 
Ladakh ; Kangra, Kulii and Mandl ; the Shahpur district of the Punjab, and Delhi. 
The distribution roughly corresponds to the area between longitudes 72° and 78° 
east of Greenwich and north latitudes 32° and 36°. 

The earlier epigraphists had rather inaccurate notions about the Sarada 
script. Cunningham described it as the Gupta character, which he thought had 
persisted in use in certain localities ;f Blihler stated that the oldest Sarada in- 
scriptions were the two Baijnath pra6astis from Kangra and that their date was 
A.D. 804,t whereas it is A.D. 1204; Dr. Hoernle dated the development of the 
script from about A.D. 500 and laid down the maxim that Sarada characters were 
no guide as to age, and Kielhorn seems to have entertained a somewhat similar 
view. 

The conservative character of the script puzzled many investigators and it 
seems to have retarded the formulation of any chronology based upon palaeogra- 
phic considerations. Vogel, however, in spite of the weight of the opinions of 
Kielhorn, Buhler and Hoernle, holds that the historical development of the Sarada 
script can be traced. “I believe,” he writes, § "that a close examination of the 
characters will also enable us to fix the approximate date of any undated Sarada 
record of the pre-Muhammadan period, provided it is extensive enough to lend 
itself to a detailed study.” Whether or not Vogel has been perfectly successful in 


* Proceedings of the Imperial Academy of Vienna, Vol. OVIT, p. 640. 

1 Kashmir is, indeed, known as tSaradd Kshdm , or land of the goddess Sara# vat!. 

tho Peshawar district and the surrounding hill tracts, 
t A. S. R. xiT. 121. 
t Ind. PaL p 67. 

$ A nUqnitiu of Chamfid* p. 49. 
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formulating his chronological tests remains to be seen ; but, at any rate, he has 
provided material and detailed notes that are invaluable. 

Di 1 . Hoernle best gave 500 A.D. as the approximate period of the birth of the 
Sarada script, but later he modified this view and stated that it originated directly 
from the Gupta script in the course of the seventh century. The earliest known ex- 
amples are on the coins of the Varman dynasty of Kashmir which start from the 
middle of the ninth century ; while previous to this the acute-angled script was, 
it is said, in general use in northern India. It is, of course, possible, as Vogel 
points out, that the .Sarada was employed as a literary alphabet considerably ear- 
lier than the ninth century ; but there is no evidence. There is a Kashmir inscrip- 
tion of the reign of queen Didda that belongs to the tenth century, as also possibly 
does the Sarahan inscription : and there are many dated inscriptions belonging to 
the eleventh and twelfth centuries. The following table gives the dates of some of 
the more important Sarada inscription : — 



A. D. 

Coins of the Varman dynasty of Kashmir - ) - 

. 855-939 

Inscription of the reign of Queen Didda 

992 

Devi-ri-kothi fountain inscription .... 

1159 

Angom inscription ....... 

1197 

Baijnath inscription (Kahgra) ..... 

1204 


With the Baijnath pra&astis, according to Vogel, the history of the Sarada 
proper comes practically to an end ; and the script of the later records differs so 
considerably from the pre-Muhammadan inscriptions that he proposes to give it 
a special name. “ The thirteenth century,” he says, “ forms a blank which sepa- 
rates the two palaeographic periods.” 

The relationship of the Bakhshali script to other Indian scripts is illus- 
trated in its main outlines in table i, which shows the Brahmi, Western Gupta 
(Bower), Acute-angled, Sarada (Nos. 4, 5, 6, 7) and the Nagarl alphabets. It is at 
once seen that the Bakhshali alphabet is more closely connected with numbers 4 
and 6 than with 7 : and that numbers 4, 5, and 6 are differentiated on the one hand 
from number 3, and on the other from number 7. Indeed numbers 4, 5, and 6 are 
examples of the Sarada group proper, which is supposed to be a direct descendant 
from the acute-angled script (No. 3) ; and number 7 is a direct descendant from 
the earlier Sarada script. 

The most notable differences between the Sarada and the acute-angled are 
with respect to the na, ta and ia; while minor differences are seen in the ga, na, 
pha , la and ha, but in these latter cases slight variations occur in one or both of 
the scripts which, more or less, blot out the differences. 

The differences in the cases of the ga, ta, §a are possibly due to the emphasis 
given in the later scripts to the overhead horizontal lines. The most important 
difference lies between the two example of na — the middle horizontal connecting 
line being consistently employed in the acute-angled script, and consistently 
omitted in all but the very early examples of the Sarada. 

Between the Sarada proper (Nos. 4, 5 and 6) and number 7, which may be 
termed modern Sarada, the differences are much more marked. The i, e, ka, ja , 


t CUNNINURAM Coin « of Mediaeval India , plate iv. 
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da, ya (Table I) are particularly noticeable ; while the ua in both the Baijnath 
example and in the modern Sarada shows an inturned tail on the left. 


The alphabet. 

Further details of the alphabet are given in Tables ii to iv. Table ii shows the 
consonants and their more important combinations ; Table iii gives the various 
methods of writing the vowels ; and Table iv gives most of the ligatures, the nume 
rals, etc. It is proposed to examine the whole alphabet more or less in the order 
of these tables. 


The Consonants, k-, kh-, g-, gh-, ii- 

The normal k- of the manuscript differs very little from otlier early Sarada 
examples. Indeed the variation in the manuscript is almost as much as in the 
inscriptions. The right-hand curve ex hibits, on the whole, a tendency to close 
inwards towards the vertical like the modern Sarada, particularly in the “ M ” sec- 
tion of our manuscript ; but there are some half dozen examples where it is almost 
straight. The Saralian and Baijnath examples have a much shorter and more 
open right-hand curve, while in modern Sarada the curve is quite closed. Vogel 
says that the left-hand loop is generally more rounded in the older inscriptions 
and in the Bakhshall manuscript, but this is, at least, doubtful. 

As the first element in a ligature k harks back to the Brahml type, e.g., in 
ku, kri, kt- kr-, ksh-, etc. (Table ii, 1), as it does in all the Sarada examples ; but 
as the final consonant in a ligature it generally retains its normal shape. 

In the Sarada, g and gh have fairly constant forms, which show very little 
deviation from the Bower manuscript examples. The left-hand shoulder of the 
g is sometimes slightly rounded in the Bower manuscript, and the acute-angled 
script ; and in the Bakhshall manuscript similar examples occur once or twice. In 
ligatures each of these letters retains its normal shape. 

The letter ?>- is only found in combination with other consonants, as is gene- 
ral in the Sarada. The form of h- is the same as in the Gupta period but it has 
developed a swelling at the right-hand end of Ihe top horizontal stroke, and this is 
sometimes mistaken for the sign of a. In the Bakhshall manuscript such right- 
hand protuberances can, however, generally be distinguished from the d sign. See 
j- and t- 


ch-, chh -, ;-, jh-, h- 

Blihler speaks of the “ quadrangular cha ” as characteristic of the Sarada, 
but it can hardly be deemed to be such, for in the Saralian and Bakhshall examples 
it is often somewhat rounded, or in the latter has the right side vertical, and in the 
Devi-rl-kothl inscription it is almost triangular. Biihler possibly had the Baij- 
nath and modern Sarada examples in mind. 

The akshara chha is also fairly constant in form, although the Bakhshall ex- 
amples are more cursive than in the inscriptions. The digraph chchh- frequently 
occurs. These letters are illustrated in Table ii, 2. 

The ;- is a conservative character in the Sarada. In the Bakhshall manus- 
cript it differs very little from the Bower manuscript and acute-angled examples, 
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except that the top horizontal stroke has developed a much more pronounced knob 
on the right-hand. According to Vogel this knob or wedge disappears in the 
Muhammadan period, but Grierson gives it for modern Sarada. The akshara ja 
diiters considerably from ja. The top bar disappears and a nearly vertical stroke 
is added to the end of the tongue ; but instead of this modification of the matrikd, 
m late inscriptions occasionally we meet with a jd formed by the usual medial d 
sign added to the matrikd,, and in our manuscript there is one such example 
(folio 16 k.) The later script seems to revert to the Bower manuscript type. 


The letter jh- only occurs in jjhi and jjhya. It is something like the j a with 
the left-hand stroke turned backwards. It shows little alteration since the Gupta 
period. 

The h also only occurs in combinations ( jha , jnd, he ha). The superscribed h 
differs considerably from the subscribed form, but both forms are almost identical 
with examples that occur in the Bower manuscript. 

th-, d-, dh-, n- 


Of the linguals th does not occur at all independently, and it is doubtful 
whether it is intended as a subscript. The t- generally, but not always, has a top 
bar, and always it has a well developed right-hand knob. As the first element of 
a ligature t occurs twice, but as a subscript to sh it is common. The scribe evi- 
dently made no distinction between sht- and xhth-, for the open and closed letters 
are used indiscriminately for the same words. The normal t or th as a subscript 
to sh is generally accompanied by another curve attached to the right of the sh 
near the bottom. Usually this line curves slightly inwards towards the subscript : 
but in several cases it is a long stroke slanting outwards. This additional stroke is 
absent in the Sarahan inscription ^and in the late Kashmir Sarada) but it is fairly 
common in other early Sarada inscriptions. 


The </- is almost exactly like the Baijnath and modern Sarada examples. It 
differs considerably from those in the Bower manuscript, and its development is 
somewhat uncertain. Many examples of nd- occur in our manuscript. 


The akshara dha is very like the pha but has a kink in the downward stroke. 
Its form has not altered essentially since the Brahml period. 


Table I exhibits three distinct types of the Sarada cerebral nasal n. The 
Sarahan example has a horizontal connecting stroke in the middle of the letter, like 
the Bower and acute-angled examples ; the Baijnath example is without this hori- 
zontal stroke but has a tail turning inwards from the left, and the modern Sarada 
has the same tail somewhat shortened ; the Bakhsh&lf example has no horizontal 
middle line and no left hand tail, and is exactly of the same type as that exhibited 
in the Devi-ri-kothf fountain inscription and other inscriptions of the twelfth cen- 
tury. Vogel seems to think that we have here a reliable criterion for age, and if so 
the Bakhshalf manuscript places itself between the Sarahan and Baijnath pra6as- 
tis. But like all other particular tests for the Sarada this must not be relied upon 
with too great confidence, for in the later Sarada we find the Bakhshalf and Baij- 
nath types used promiscuously. 
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In the Bakhshali manuscript the form of n is very constant but different sec- 
tions of the manuscript show slight variations. The tendency is to make the left- 
hand stroke shorter and slightly thicker than the others, particularly in the “ M ” 
section ; the third example in the table is peculiar in having a long thin tail but it 
only occurs once or twice in some hundreds of examples. The principal conjuncts 
are r#-. 


t-, th-, d-, dh-, n-. 


The dental group is quantitively very important. It is, on the whole a 
conservative group, the chief changes being, perhaps, in the general shapes of the 
th and dh, which in the early inscriptions were, more or less, crescent shaped, e.g., 
in the Sarahan pra^asti. The employment of the top bar modified the crescent 
shaped letters into lozenge shaped. In our manuscript the crescent shape is 
partially retained. 

Asa subscript t is something like initial u but without the thin up-stroke 
(See Table ii, 4) ; th in ligatures has different forms as a second and third element, 
c g., as in tthy-, sth-, rth-; dh as a subscript usually has a triangular form ( ddh- t 
bdh-, rdh-, ddhv-), but it is sometimes difficult to distinguish ddh- from dv-. 


Tn the DevT-rT-kothl fountain inscription the rth - is rather remarkably differ- 
ent from the Bakhshali examples and so it is in modern ftarada. The examples 
in fig. 1, from the Sungal grant, are interesting as rth» dh dhi nthys 

showing the transition stage in the development of £ fa Z7 1 zr 4 

th as a subscript and medial.* * & S' 



Hand* made copies, Indian Antiquary > 1888. 


* BOhler (Table VI, column viii, 50) gives an incorrect form for rtka. I may as well point out hero that numbers 17 (gu) 9 24 
( jha) and 38 {hha) oi Buhlor’a table are hardly representative examples. He had only Ur. Hoemlo’s hand-mado copies to follow, 
and these, as Dr. Hoomlo was well aware, are not perfectly reliable. For example, the transcript of F14 recto given in the Indian Antiquary 
(xvii, 1888, p. 43) misrepresents lyo and tu in the penultimate lino ; $pam. t ddhyd , etc., in the last line ; and that of F14 verso gives L 1 
^pahi ; 1. 3 i*hy /, tam,stha ; 1, 5 nfa ; 1. 6 tpra ; last line inaccurately. 


N 
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p-, ph-, b-, bh-, m-. 

The labial group is also very important quantitively, and this rather ac- 
centuates certain difficulties that present tliemselves. The principal of these are 
due to similarities between the v and dh, the ph and dh and the m, d and s under 
certain conditions. Generally in the Sarada no distinction is made between the 
b and v, and in the Bakhshrdl manuscript this lack of differentiation is almost, if 
not quite, complete. The resemblance between the b or v and dh in ligatures has 
already been noted upon ; the m is distinguished from the d by having a complete 
vertical stroke on the right, but the ligatures nd-, nm-, rd-, rm- are sometimes 
rather difficult to differentiate ; and badly written examples of m and s are also 
confusing. Final m (with the virama) is very different from its matrika and occa- 
sionally is only to be differentiated from the numerical sign for “ six ” by the length 
of the very long virama stroke. 


V; r- t 1-. 

In table i are shown two types of ftarada y, of which the BakhshalT ex- 
amples may be described as representing the transitional stage between the Bower 
manuscript example and the Sarahan example. Table ii, 6 however, shows that 
the open (Sarahan) type also occurs in the BakhshalT manuscript, but it occurs 
with comparative rarity.* Most of the examples are of the type shown in table i 
and the first example of ii, 6 ; while the type illustrated as the third example in 
table ii, 6, occurs generally in the A,. section of the manuscript. In most Simula 
scripts the latter (open) type prevails but in the Devl-ri-kothl fountain inscrip- 
tion there is exhibited a tendency towards the prolongation of the central vertical, 
although the left-hand loop is never actually closed, as it is in most of the Bakh- 
shalT examples. As an element of a ligature the form of y is masked. Many ex- 
amples are given in table iv. Occasionally the upward right-hand portion of the 
curve is lengthened as in gya (iv, 1) and ddhya (iv, 5) : otherwise there is little to 
note. As the middle element of a ligature y seldom occurs, unless we count u as 
one of the elements. 

The letter r- is one of the most consistent in form in this family of scripts. The 
bottom serif had developed in pre-ftarada days. This serif is generally rather 
larger in our manuscript than in other Sarada texts and occasionally develops into 
a loop (F 24). As a final element the r seems to be formed by a thinning and 
lengthening of this serif (table iv). For the peculiar shape of ru see page 95 and 
for other modifications see below. 

Two types of l are shown in the Sarahaij and Bakhshall examp'es exhibited 
in table i. The former has the left curve attached to the vertical by a horizontal 
stroke, and this seems to be a characteristic of the earlier Sarada scripts : the 
latter has the left curve attached by another curve — practically always in our 
manuscript (table ii, 5, etc.). According to Vogel the former type was still pre- 
valent at the beginning of the twelfth century. 

sh -, s-. 

Table i illustrates fairly well the development of the fiarada i, which, in its 
later form, is exactly the Nagarl .<?. In our manuscript the is always square in 


Seo FF 4, <?. 38. 41, 152. 153. 
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shape and generally has the triangular wedge on the left emphasized (See table il, 
(j). This wedge is never open but always blocked-in solid. The sh is consistent in 
form (See table i), but in the ligature hsha the portion of the vertical above the 
cross bar is suppressed* (tables ii and iv) : See also shsha in table iv, 4. 

The s is like the s but open at the top. Tn the Bakhshall manuscript it is 
quite common for d and s and sh to be used indiscriminately. 

The letter h is fairly consistent but occasionally tends towards angularit y, 
like its Acute-angled prototype. 


Visitrija. 

The visarga is represented by the two usual dots like a semi-colon. Vogel 
states that in several Ohamba inscriptions “ composed in corrupt Sanskrit " the 
real meaning of the visarga is misunderstood and that it is regularly used to 
separate words and sentences. The same remark applies to our manuscript. 

The jihvamulTya ( y) and upadhmaniya ( </>-) are often employed. Tn one 
case (fol. 33) the former seems to be used in the middle of a word, </n y kha ( ?) tor 
dulikha. It (y) is similar in shape to the b or v, while the latter ( </> ) is very 
much the same as in the Ohamba copper-plate grant of Somavarman (1. 2). Vogel 
states (p. 170) that the upadmaniya dropped out of use in Ohamba after about 1200 
A.D. Examples are shown in tables ii, 1 and ii, 5. See also page 79. 


Virdma. 

The final consonants k, t, t, rt and m have each a very long virama symbol 
drawn through the top of the letters on the right. See table iv, 6. 


The Vowels, 
a and d. 

Initial a and di are fairly consistent in the Sarada, and the Bakhshall ex- 
amples differ very little from the acute angled and early Oupta types. The a has 
at the bottom of the right vertical stroke a small triangular wedge, while the d has 
in place of this wedge a small curve something like the bottom part of the t. Both 
a and d have open tops, while in modern Sarada the tops are closed, as in the 
Devanagarl. 


Medial d. 

The symbol for medial a is a wedge or serif attached to the right of the 
matrika at the top. Examples are seen in table iii, 1. In the Bakhshall manu- 
script this symbol is generally rounded and is often written with a very small 
flourish at the top. 


n 2 


Possibly to prevent confusion with th ; hut in ligatures th i« considerably modified. 



94 


There are three methods of forming medial d to consider : (i) The archaic 
method of joining the symbol by a horizontal bar attached to the left top of the 
matfika. Vogel thinks this method dropped out of use about A.D. 1000, and that 
it may have been merely a local fashion. When there is any choice this method is 
not employed by our scribes, (ii) The more common method is to join the symbol 
to the top of the right of the letter, and this is generally done in our manuscript 
with each of those letters that has a dexter upright or a top bar. (iii) The third 
method entails a modification of the matrika, but this only occurs in the case of j. 
Examples of jd are shown in table ii, 1 ; but there is an isolated example* where 
jd is formed by method ii, and, according to Vogel, method ii, as applied to the j 
came into fashion about A.D. 1200. 

It will be noted that each of the matrikas of n, j, and t already possesses a mark 
similar to the medical a symbol. In the cases of n and t the usual a symbol is 
added according to method ii, but, as already stated, to form the jd, method iii is 
generally employed. In the nd the symbol is often slightly curled inwards, and 
this hook-shaped symbol is said to be characteristic of early Sarada. 

Note that the -d symbol is joined to the left upright of the d-, but this is be- 
cause the dexter upright is not a complete one — and thus the dd is differentiated 
from the md. 


The vowels i and i. 

The initial vowel l does not occur. The short vowel i is of the form that is, 
with fair consistence, employed in all ttarada, scripts : it consists of two dots placed 
above a, more or less, semicircular loop. (See table iii, 2.) 

Medial i and i are, almost without exception, of forms that are essentially the 
same as in the Devanagaii, and consist of left (4) and right (-1) vertical strokes, 
sometimes considerably longer than the matjika and joined to its top by a bend 
inwards. 1 But our manuscript contains three or four examples in which the -* is 
formed by a sickle-shaped curve above the matrika and with its convex side up- 
wards and turned slightly towards the left. (See table iii, 2.) Vogel says, “We may 
assume that about A.D. 1200 the superscribed medial i and i dropped out of use.” 


u and u 

Initial u is the same character as in the Bower manuscript. The left up- 
stroke, which is generally continued to the level of the top of the letter, differen- 
tiates u from fa. The long u, as an initial, is the symbol for the short vowel with 
a streamer hanging down from near the right top of the letter. It is distinguished 
from ru , which has a similar “ steamer,” by the long upward curve on the left. 

Medial u is expressed in three ways : (i) By a triangular wedgef attached to 
the bottom left of the right vertical, or, where this vertical is absent, to a vertical 
attached to the bottom of the matyika i (ii) By the addition of the initial u as an 
ordinary ligature ; and (iii) by attaching a downward steamer to the right of the 


♦ F 16 recto. 

1 The f stroke is often longer [than that of Compare the aksharas *(i and ti in table ii, 2: these are contiguous aksharas 
from F 33v. 


t Often closod solid, but occasionally open. 
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letter near the top. Each of these methods generally applies to a definite set of 
letters only, as follows : — 



The wedge is attached to 

The curved u symbol is attached to 

The streamer symbol to 


dr, dh- t n-, p-, b-, y-, sh-, a-, h- 

Jc ~ j j 6A-, 

r- 


This practice is quite in accordance with that of the early 6arada ; but in our 
manuscript the &u has either form, and this is not surprising, since the and s- 
are occasionally employed indiscriminately. According to Vogel the wedge sym- 
bol is earlier than the curve. 

Medial -u is formed most generally by a, more or less, horizontal “ streamer ” 
attached to the left bottom of the vertical or to a vertical provided for the purpose 
(hu, dyu ). The ru and the bru* are exceptions to this method of formation : the 
former is very like the initial n but without the left up-stroke, and the bru is some- 
times formed by an angular attachment to the middle of the right vertical, and 
this is possibly a modification of the initial u. In one case bru is formed by the 
addition of two hanging streamers on the l ight and the r- stroke is shortened. 


ri 

Initial ri occurs once (63 r.). Medial ri is invariably the initial n sub- joined 
as a ligature. Examples are shown in table iii, 5. This symbol differs from other 
Sarada examples by being less rounded. Biihler terms it angular, and Vogel states 
that this angularity is only found in the later inscriptions. 


The vowel e 

Initial e does not generally differ essentially from the Bower manuscript 
examples. There are, however, examples in our manuscript similar to the 12th 
century examples given in Bidder's table VI (11, x-xi) and these examples sug- 
gest one of the medial forms. 

Medial e is formed in two distinct ways : (i) By a slanting stroke over the 
letter, touching or nearly touching the letter at the right top corner [6]. In late 
Sarada this stroke tends to become horizontal, (ii) By a short thick stroke or 
knob attached to the left top of the consonant by a horizontal line [ e].f Vogel de- 
scribes this as a wedge ; but in our manuscript it is never wedge-shaped. It is 
very like a reversed medial a, but with two slight differences : the connecting hori- 
zontal stroke is comparatively long, and the terminating knob or stroke has no 
little flourish but is perfectly smooth. 

These two symbols, so different in appearance, seem to be used indiscrimi- 
nately, at least for certain letters ; and they seem to be very unevenly distributed. 
For example, F 11 exhibits the second method [ e] 11 times and the first or top- 
stroke method only twice ; while F 60 does not show the second. 


* Ift is the r in the ligature that occasions the so-called exception, 

t The symbols shown in square brackets in this and the following paragraphs are mnemonic only, 
present the symbols employed in the manuscript. The tables and text should be consulted in all cases. 


They do not accurately re- 
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The table on page 97 shows that the two methods are used almost equally in 
the “ M ” section and that in the remainder the ratio is roughly 3 to 2.* The 
following table gives more details for sections A to L, and M : — 



ke 

go 

ohho 

to 

no 

mo 

yc 

ro 

io 


( 5 Percentages . 

38 

100 

100 

68 

82 

100 

20 

50 

33 

100 

Ato L) 











( 

62 

0 

0 

32 

18 

0 

71 

50 

67 

0 

( 6 ... 

100 

50 

56 

13 

33 

0 

07 

22 

50 

0 

M 











( •« 

0 

50 

44 

87 

67 

100 

33 

78 

50 

100 

No. of example* 

21 

11 

36 

45 

23 

16 

24 

21 

51 

7 


The values of these ratios depend largely upon the number of cases. As a 
whole they seem to indicate an inversion of fashion. The M section, which is pos- 
sibly the more ancient, generally shows a larger proportion of the second method 
[ e] ; but notable exceptions are he and ye. In one or two cases complete inversion 
is exhibited : for example, me is formed by the first method [e] only in sections A-L, 
while in “ M ” it is formed by the second method [ e] only ; and the same is the case 
with se. The best test aksharas of those given in the table appear to be he, chhe, 
te, ne, and me ; although all may be used with fair safety. It should also be noted 
that ne is formed by the first method [&J only in all sections by reason of the shape 
of the matyika. Similarly the first method predominates with Je. 

Vogel relates an interesting anecdotef of the 15tn century which tells of a for- 
ger changing me into dasa. The original narrator writes : “ In order to express 

e following a consonant the clerks used formerly to write a stroke behind the con- 
sonants. But as, in the course of time, the script became changed the writers of 
to-day write the stroke expressing e over the consonant.” 


Medial ai 

Initial ai does not^ occur in Sarada. Medial ai is formed in two ways : 

(i) By two top strokes [ai] ; (ii) By a combination of the two e symbols [ ai]. In 
both cases the ai symbol is thus a symbol for ee. 

Of these methods the latter [Ai] is the older. Possibly the earliest example 
of the former method [ai] occurs in Chamba No. 2.5, and Vovel assumes that the 
change took place about A. D. 1 100. In the Baijnath prasastis the double top 
stroke [ai] is the more common. Later it is invariably used and the top strokes 
are horizontal. 

In the Bakhshall manuscript both methods are employed, but the second [Ai | 
predominates : indeed out of 80 examples 61 or approximately three-quarters are 

formed by the second method [ ai], and 19 by the first or double stroke method [ai] ; 
but in the M section there is not a single example of the first method [ai]. 


Medial o 

Initial o does not occur. Medial o is formed in three ways : (i) By a large 
circumflex shaped symbol placed above the consonant ftf] ; (ii) By a combination of 


• 3 £ to 2 •«. 

t Antiquities of Chamba p. 63. 
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the e sign [ e] with the symbol for a [ o ] ; (iii) By the top stroke for e combined with 
the a symbol [6]. See table iii, 8. 

Out of 252 examples the distribution is as follows : — 

First method 6 189 or 75 per rent. 

Second method . . . . . . . . o' 38 or 15 

Third method ........ <Y 25 or 10 ,, 

But in the M section the percentages are remarkably different, namely 36 per cent., 
32 per cent, and 32 per cent, as against 85 per cent., 14 per cent., and l per cent, in 
the remainder. 

Medial at/ 

Medial au is, in our manuscript, always expressed by the circumflex sign com- 
bined with the medial a sign. See table iii, 9. The more ancient method, which 
combines the second o method [ o ") with the top e stroke [e] (and of which three 
examples occur in the Sarahap inscription) is not employed. 


The following tables give statistics of the methods employed in the formation 
of the medials e, at and o, etc. 



Section. 


Medial e. 

Medial ai. 


Medial o. 

■ 

| 

JihxSmfiHva 

and 

u pad h mi niya. 


Stylo 

of 

writing. 




*e 

£ 

*;ii 

ai 

*o* 

<Y 

6 

X 

4 



A . 



39 

46 

13 

9 

c; 

0 

42 

i 

7 

*i 

an 

B . 



22 

to 

00 

6 

1 

0 

0 

i 

35 

3 

1 

a p 


C 



28 

29 

1 

1 

3 

2 

20 

0 

0 

a :> 


D . 



22 

28 

2 

0 

0 

0 

10 

1 

0 



E . 



8 

10 

Q 

u 

0 

0 

0 

9 

0 

0 



F . 



13 

28 

6 

0 

0 

0 

5 

0 

0 

*\ 


G . 



52 

36 

1 

1 

2 

0 

20 

2 

3 

a , 


H . 



10 

24 

8 

3 

1 

0 

n ; 

i 

1 

flto 
i - 


J . 



5 

7 

0 

4 

0 

0 

3 

0 

1 

0 

! 

a \ 


K . 



1 

4 

0 

0 

0 

0 

3 

0 

0 

1 


L . 

. 


11 

41 

4 

0 

0 

0 

4 

3 

0 

i ** 


M . 

. 

• 

67 

77 

18 

0 

26 

23 

23 

6 

4 

; a 

1 



Total 

• 

278 

358 

61 

19 

! 

38 

25 

191 

17 

16 

j 



Percentages . 


Section M 

47% 53% 

100% 0% 

36% 32% 32% 

Remainder 

43% 57% 

70% 30% 

14% 1% 85% 

Whole MS 

44% 56% 

76% 24% 

1 

15% 10% 75% 
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A comparison with certain dated inscriptions. 


Period. 

Medial e. 

•e h 

•(>* 

Medial o. 

6* 

6 

References. 

xth century 

70 

30 

58 

12 

30 

Sarahan Inscription. 

xith century . 

57 

43 

10 

20 

70 

Chamba Inscriptions, No. 25. 

? 

44 

56 

13 

10 

77 

Bakhshali Manuscript. 

xiiith century . 

0 

100 

0 

10 

90 

Ant. Chamba pp. 63, 64. 


Ligatures 

The ligatures can usually be easily analysed into their constituent ele- 
ments and only occasionally give difficulty. There are about 90 different digraphs 
and some 30 different trigraphs.* Some of these occur very frequently, while of 
others {e.g., ggh-, hch-, ty-, tph-, shh-) there are only isolated examples. 

The consonants, as elements of ligatures, may be classed as (i) those in which 
the matrika is considerably modified and (ii) those which retain their original 
shape. Of the former are k, n, th, y, and in certain cases r. 

As the first or middle element of a ligature the letter k reverts to the form 
pertaining to the Brahml script (Table iv, 1 and 5), but as the last element it re- 
tains its normal shape, e.g., Ika (iv 3). The letter h occurs only in ligatures and, 
except as a subscript to j, only in isolated examples {hch- iv, 1 , shit- iv. 4). As the 
final consonant its form has little resemblance to the matrika. 

The letter th as the middle or bottom element is also very different in shape 
from the matrika. In our manuscript it always takes the form of a spiral and 
there is no example of the S shaped -th (See page 91). 

In tthya (table iv. 5) the spiral shape is lost but see the Sungal example given 
on page 91. 

As a final consonant y is also disguised in form. See kya, khya, gya, chya, 
jyu, etc., in table iv, 1 . Generally the final y is of the type shown in khya but occa- 
sionally the bottom curve is more prolonged upwards on the right as in the gya 
shown in the table. 

As a first element r is often shortened and sometimes loses its bottom serif, 
e.g., rna, rtha, rya (table iv. 3) ; and in rva it is marked only by a small excrescence 
on the left curve of the v matrika. As the final element it is changed altogether 
and is something like the virama but placed at the bottom of the ligature. Nearly 
all the examples in our text have the stroke continued left and right (table iv) ; 
but as a middle element the r consists of a stroke slanting upwards on the left of 
the vertical only, e.g., tryu and hya in table iv. 5. In bru it is treated as a middle 
element and also loses the right half portion. 


• i.e., counting consonants only, but when the vowel signs form part of the vertical scheme they are essential elements also. 
See for example, truu and dbrv in table iv, 5. Similarly the circumflex o, although detached, is an element of the vertical scheme. 
Tho ligatures are really examples of vertical writing while medial l and the left-haDded v. are examples of right-to-left writing. 
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In sht- and shth the original forms of the t and {h are, more or less, preserved, 
but a “ streamer ” is added to the right of sh (iv. 4). The word ash fa “ Eight ” 
occurs some thirty or forty times but the form of the conjunct is not consistent. 
There are, at least, three types : (1) that shown in table ii, 3 as sht-, (2) that shown 
as shth - in the same table, and (3) that shown in table iii, 9. The last type occurs 
some half dozen times in the “ M ” section only. 

The top bar of the second element (or third) of a ligature is often omitted. 
See tta, nta, pta, ptra; sometimes it is given in a shortened form (.sV a iv. 4) ; and 
sometimes in its full extent {mb ha iv. 3). 


Numerals. 


The numeral figures are shown in table iv. 7* There is some resemblance 
between certain of these symbols and certain letters, e.g., the 2 is not unlike the -h 
in jha, the 4 resembles the k but instead of the top bar has a loop to the left, the 5 
may be said to resemble the p, the 6 the final m, and the 8 is not unlike the h- and 
is also rather remotely like the h. But this resemblance to letters has probably 
only a fictitious value — the letter-numeral theory having succumbed. 


There are two types of symbol for unity— the semi-circular curve and Ihe 
almost horizontal line ; but generally these have separate functions. The curved 
symbol is ordinarily used while the straighter symbol is used in fractions. The 
other differences shown in table iv. 7 are a matter of style in writing. The ex- 
amples in the first line are all taken from the “ M ” section, while 1 hose in the second 
line are taken from other sections. The example of 2 in the second line only occurs 
occasionally. The chief differences in form are shown in the cases of the fi, o and 
9. The “ six ” indeed is a fairly safe criterion in differentiating between the work 
of the scribes. The symbol for zero besides being used as such is also occasionally 
employed as a sort of symbol for an unknown quantity. 


The symbol for “ minus ” is a small cross placed after the numeral. Hoernle 
attempted to connect this sign with the Brahml ha and to show that its use was 
an indication of considerable antiquity. But he was hardly successful and the 
details of his arguments in this matter do not now call for any remark. 8ee § § 61 
and 127, Part I. No other signs of operation are employed in connexion with the 
numerical notation. 


Punctuation . 

Besides the visarga the single bar | and double bar || are used, and the 

end of a sutra is marked by — •••— The virama appears to be used to mark a pause 

or the end of a verse. On folio 5 recto two punctuation signs, which are possibly 
cancellation marks, are employed. 

Cancellation. 

On several occasions letters and words are cancelled by marks like accents 
placed above the letters (See folios 8 and 9). 


* The figures given in the Indian Antiquary , XVII, 1888, p. 36, and in Bflhler’s table IX are hardly representative. 
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Table III . Vowels 


1. Initial a. and a ( a>ui medial a 


a a, 3 a a. JJd *£ • ld& di. dya. «m « n*a j/ 


2. Initial i and medial i and l 


{/ jjtu ^ ttZ fc 


u 37 t: 


« ip ^ 


3 . Initial and medial W 
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4. Initial and medial H 


5 I lii l» ctlnu 111 rr\M n*iu dyl i>u r u tit h7 


S. Initial and medial ft 
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PART II. 


ii. -Transliteration of the. Text. 




NOTE 


The transcription is printed so as to represent, as closely as it is possible with 
Roman type, the original manuscript. Italics denote that the reading is possibly 
doubtful, but the words and letters italicised have some basis in the original and 
are not merely conjectural. The dotted lines are similar restorations. Portions 
of the birch-bark that are left blank in the original are marked by asterisks. 
These gaps are often occupied by knots in the wood or by similar faults that make 
the surface unsuitable for writing upon. 

The system of transliteration followed is that prescribed by the Director 
General of Archaeology, except for the jihvdmuliya which is represented by and 
the u padhmCmlya , represented by <f> . 


The order of the folios follows the Bodleian Library arrangement. 
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TEXT. 


ru 


[lr.] 


turgui^mpamchagupamhastagatamdhanam | ja 

pamchaguijam 26 || Davamasutram 9 || — •••— 1| satrum || guflaupp 

thagrupayutauyachanayuktisamgunaub || guiianenagiine . ai 

rupahinenabhajitau | viparltayachanakshiptaugu^asasyorayaiiividhib II . . 

. 1 . 

evamsutram || dvitiyapatrevivaritasti || davamasutram 10 || — • • || 

|| sutram || amVamviVoddhyachchhedebhyakuryatatparivartanam || . . 
sasyamtataprojjliyadhananviVavinirdiVet || uda | pamchanamvanijamadAye 

nTmyatekilab tatroktamanivikrltamanimiilyamkiyadbhavet 

darii | ardhatribhagapadai'isampaiiichaftAd 


[lr.] 


. . jata 

| eshamyogakvi 


120 

90 

80 

75 

72 

60 

60 

60 

60 

60 


syam£atoprejjhyabsadri$aihkjiyate | 
tatraprojjhyajataih 120 | . 0 | 
tejata 437 atosa . . 


. Vesham 377 eVamaijimulyam | chatunjamsankasarvasvam || prathamasyasanka ar dharri 
50 1 75 | 72 chaturpaihyoga 317 prathamardheijaVashtibhiryutam 377 pratham . . 

. prathamadhanam | tritlyachaturthapamchamasyadhanamsarvasvarh 347 dvitlya tpbhagam 3 


. . ywtam 377 eVadvitlyasyadhanambhavati || punaprathamadvitlya chaturthapamcha 
. . svam 357 tptlyasyapadam 20 eshayutam 377 eshatyitp/a.rya . . 

, . . ti || punarapiprathamadvitlyatfitlyaparhchasya 862 


. . esBach 


• • • • 


bKavdti || 
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[ 2r. ] syadhanambhavati || athapratha . . 

tyaihaashti^esham 377 || athadvitlya 

mdvitlyasyabhavati || athatptl 


• • • 


75 

72 


sya 

ya 


377 tptiyasyadhanambhavati || chaturthasyakviya 


120 

30 

80 

75 

72 


eva ra 
ayakxiyate 


te 


evarii 377 chaturthasyadhanabbavaiiiti || pariichamasyakpyate j stha 


panaih 


120 

90 

80 

75 

12 


evampamchamaaya 377 || eshamaipmulyampra 


|| uda || || anyonyaviditavibhavam 

vayik . yarn | tp dalamtotha || 


120 

# 

90 

80 

15 

72 


120 

9 . 

2 . 

7 . 

7. 


[ 2v. 


P . . . 

am^lih j 7+ i 3+ 

| 

ioddhyavisodhayet riparnsthitarh | e * 2 ! * 2 

12 ; 12 

chchhede 


5+ 1 vi 

j 

® ^sha 

6 


yate 

19 

1 7 

11 

kuryatatparivartanam 

12 

4 

6 


12 


6 


J9 

7 

11 


. liijatarii | asya 
. e 


• • • 


924 

836 

798 

1463 

CO 

CO 

iH 

1463 


798 j projjhyajata j 924 


shamyutiiiikpyate | 


kpt . . jata | 2558 | chchhedaprojjhyam 1095 etanmapimulyam 


* The bottom portion of this page is blank. 
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. tvassamadhanajataprastamulyamtaducliyatawi 
. prastamulyam 2 | 3 | 6 { dattaissamadhana jata 17 | 17 | 17 


4 . 

5 go 

6 6a 

1 1. 

1 

| 1 


3r. 


tamasutmm 13 II Hr II sutraiii ||| ekayutanasaiiikhyadvi 

. . . hindcha || evariitavatkaryaiiiyavatpurushaisamabhavati 

. ptam . patrebhiUkhitasthitachaturdasamasutram 14 ||| — •••— 

. tram | gratisyaivaviseshamchavibhaktaiiipurvagamtunab tenaivakalambhavatis£/w 
. . . . kenatu || uda || addhyardhayojanagate&itnhamtasa . . . 


t/asyahayannavah ii shti'adasatritlya j- 3v 

r 

pradattamchaparasparam | prithagdbanaiiituvaijijarhmulyaiiivapiauinariipjithakyad 


. vaktiuhtatomechchhindhisarh6ayal.i 



3 ha 

u 10 

7 a 1 

,1 

1 


vanijjaka 


3 d . ya • 


. iiikpifldahatarii | pinda 7 | 9 | 10 | deyarii 3 suddhaaeshaiii 4 | 6 | 7 tat a 
parasparakfitamgunitajatarii 168 | 168 | 168 | svaseshenatuviMaft 


168 

168 

168 

4 

6 

7 


labdham 42 | 28 | 24 | 


eshapratyaikamulyamekaikasya 


gwijitajatani a^vaihayai ushtrebhyat 294 | 252 | 240 j ekai^a 
• mjata 262 | 262 | 282 | etessamadhanaja 
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[ 4r. ] ■ t • • y • • i ch ••*••••••• 

yojanapaiiickakaiii | saptadinanitasyaivagatasya | paratadvitiyanavayojanai/ca gatake 

1 , I 

. . tam 1 1 di 5 yo ; dina 7 gatasya j gatayojana 36 dvi 1 di 9 yo gatisyaiva vifoshamchaka 

-|1 1 1 I 1 1 

. . yate | gati 5 | 9 | viseshaiii 4 I vibhaktarh 1 purvagata35 eshapadergujyitam I 3 


. uda || ashtadaSayojana ekenadineyati | tasyashtadi 


sasyatSih || evaiiiekada^amapattrebhilikhitapurvepi || pamchada^ama sutrarii 16 


1 di 

* J 

1 

1 

1 di 

® 3 

1 



yorviitashakartavyam uttarasyavi^eshatab vibhaktamsuttare — 
inasasyamg . . i . . 


[4r.] 


tarairi 2 vibhaktam 1 adi^esha 2 jata 1 dvigunaiii j 2 rupasariiyutam | 3 , esha 

2 11 ' 

. samkalitepratyayapadamhlna ubhayesthapitavya rupopakarapephalam 

21 • 

kimprabhutepilikhite || shodasamasutram 17 || ^17 


sQtrebhrintirmti 


. adyorvi^eshadvigupamchayasuddhiivibliajitam «««•. rupa . i 


.... gratisasyamtadabhavet j| || uda || dvayadityi chayaschaivadvi . . 
dikottarab dvayochabhavatepamthakenakalenasasyatarii || sthapanamkyiyate | e. 


3 pa 0 dvi Ij a 3 j u 2 pa 0 karanarh | adyorviSesha . . 
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[ to ] 

karapam j adyorviSesham&di . . 
chava&iddhichayaih 0 | 3 j Anddhi i 3 jadifosha I 


dvigupam 10 uttaravi^esha 3 vibhaktam 10 saniparit I 13 anenakd 

3 3 


samadhanabhavanti // pratyayarii rupopakaranepa pkalaiii 66 j 

| dvi 66 I 

ashtada^amasutraih 18 || dinagamana madirahitam . . 

paihtachchhottarena — •••— samyutaiii | pratinihita atmagupaiiijiieyam 
o.i | ashthottaragunitekshepasaiiijnakodatvamulaihprati . i 


hatam ; [ 5 y. ] 

. . dinagamanamadirahitaiiidinagainanayojana</> pancha | 5 1 adi . 

. . 3 J rahitamjatam | 2 | dvigupam j 4 j tachchottarepasariiyutarh j 8 j 
.dtfmagupam 64 eSakshepasamjfiakorasi | ashtottarasamgu . i . . 

/rt/xiharashi j 30 ashtagunarii 240 uttarepagupam uttarani j 4 j 
. . gupitamjataiii 900 kshepasamjnakodatva | tatraksliopasairijn . . 

4 yutamjatarh 1024 | asyamularn | 32 prat.inahito . . , . 

i . m ywtamjatam 40 i u . . . . m . . . . 


6ikepratyaya 1 5 8 phalariiy 

. nenassaha 56 e^asamabdhanam j| uda |j adipaiiidia uttaraiiilr 
pinaroyo j anagamy ate | dvitiyapratidinariissaptagatasya . 
napamchakam | kenakalenasamataiiikatthyataiiiganakotta . . 

. .5 u 3 pa 0 pratigati 7 dina 5 j pamchadinaga 

. . i i ! 


yojanikamyojana ' 35 I karanam | dinagamanamadirafo’ 
tatradinagamanam f 7 | adirahitarh | adi 1 5J rahitam . . . 

Q 



110 


[ ®Vi ] ■ 3 ; anenagmutaiiijataiii , 84 J . . , 

samjnakodatva j tatrakshepaiaski | 49 | datvajatarii 1 889 


# • 


danadadatisamam | karanokriyate j sutrarii || akyite^li . 

. chkedodvisariigupak tadvargah dala | sarhslishtha | kyiti 
yah anenasutrenaslishthanmkuhanayasvaniatmia . . . 

pratinihitarh | 7 | anenayutarii 
dvigunottarabhajitaiii j ta . o 
e 


telabdham mulaih 

29 

• • 

i 

• 9 

I 2136 


48 

58 


3 6 
48 


[7r.] 


7 

9 


18 cha 

60 

33 li 

60 

6 vi 

60 

tya^eshamkriyate | se 6 

j 29 

. pratyayamtrai 


dalita 
sasyeyu 

anenaguijitarii 


phalamyojana 42 


77 


se 


e . o 


58 


tarn 1 737 s padaghna | tatrapadam 


178 

29 


j atam 


58 


65593 

841 


65569 bha ! 
841 

ra Sikena 


slish 


gekyite 


• • » 


28 

29 


niyatamtena 


1 7 y 0 

1 1 


17 


' viriiaatima sutnmi 19 


[7v.] 


matandanah | a 3 u 4 


pa 8 
1 


nityadatta 7 

1 


1 . . 

adiriivi^oddhya 


niyataiii j 7 
. . jitaiii 


viSeddhya ! 4 uttarardkenabkajitan. | uttaiariij 4 ia 


3 

1 


u 4 
1 


jatarit j 2 j labdhariisarupa | esharupadhikarii ; 3 j esakala 


• • • 


pa 3 I l uponakaranenaphalaihrii 21 || dvitlyasyatraira . 

1 i 

1 di 7,3 di ! pha ru 21 || eahassamadhanajata || uda j ! 

1 1 I 1 1 

ka uttaradvayariidvitiyapariichapratyaharii | kenakalenasama^m .. 

adiriiviso^r/// 


pakottaina 

a i 

u 2 

pa 0 

niyatanityarh 6 


1 

i 1 

1 

1 



Ill 


| || sutram . dvigupa//iprabhavam6uddhadvigupa daya . 

*|* ttarepabhajechchkeshamlabdkamrupamvinirdiset || uda || va . 
bhyitakaxkasckitatraikodashamaiakam | pratyahaihkurutetatrakarmambha . i 
manavab dvitlyamkyiyatekarmamdvyadityitayaruttaram | padamtatra . 

. kenakalenasasyataih a 2 II u 3 pa 0 I prati 10 

11 1 


E J 


dvigupamprabhavam6uddha | prabhavaml 2 I dvigupam I 4 I niyatapunadvi 


. . o 


. taiii 16 ( u ttarar d hen a b h a j ay et) * uttaraiii 

*The portion within the brackets is deleted in the MS. 


gantata | eka — •••—^chagamanajfiei/a yutdssawgupya [8v. ] 

|| inyorathosvairdasabhiryujyateliayaparhchakaih | gaiiitavyaihyojana .... 

. . o^vakimudbhavet ha 10 I hay a ] agnaratha sya 5 |j gantavyoyojana 

1 1 

. . yorvibhajyagantavyarh | tatrahaya | 10 | gantavyarhyo 100 atobhaga . . . 

. . bdha 10 tatrayuktasva | 5 etaissarhgunyapariyogajataih . . . 

• • • yojananyaikosvarudha | pratyayah pamchabhi^atasamgiinyajatam . . 

. . . kyiyate || yadida . . .9/?ayojana <^parhchas .... ... 


r . shth . . ch . . . . uda || £: 9r. 0 

. . . . maptamdvijanmabhi | tatpunastesamarhbhaktvada . 

# 

ssamaptavan sarhkhyayaxkatirnmacliakshukativipraxkati . r . . m 

j karanam || labdharhdvigunitaihkritvatatra . 
jbdharii |^10 | dviguparh j 20 tathadyunam 18 
. . . . vibhajitam | atrottaraiii j 1 j anenabhaktvajatamtade 
. . kam 19 ayamprashpaprahupii ekonavim^ati | sthapa . 

. pratyayam. « 1 u 1 jpa 19 rupopakarapenaphalam 1 


1 u 1 pa 0 labdhara 10 

! 1 l | 1 


y 2 


# The first m is deleted in the MS. 
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|j 9v. ] yoj&na serathagama 

. yo ® 6ayo 1 yo 70 gantavyarii i adhvasariiyoy«j 7 bhaktam l 

ii i: 1 1 1 7 

. enagupitajatatdabdha 10 dviguijarii ! 20 j eshalpasyafr || atha 
. na ayariikalojneyah anenakalenashshat yojananigantavyaiii | a 
. . yamekayojanikasyasamagamobhavati || tadyathatrairaifr . e . . . 

. . . yadyekaayashat- yojanatadavim^anamkini j 1 6 yo | 2 ... 

| 1 1 __ ] 1__ _ 

. . . saptati^oddhy a^esh a atrassaptati | 70 agatapamcha&i j 50 j adhva 

i . . m j| 1 di I 1 yo II 20 di I pha yo . . 


[lOr. ] 


sutraiii 24 


. dhnnia 


sa7/?guna 


. . pravrit^Vy?/, . 


vinirdiset 


|| uda || tribhagamaladaydAasyatridhantasyaiva 


a^/itottara^atanidattarnkiThsesbariivadapaodita II 108 111; 

11 1 1 

kri t va nl pa k shy aril partha j at a 32 l^esha || pra j! ^+ ^ 3+ I I 

tham abd h fm teks hayam j 36 j fesham 72 dvitlyabdhanteksliayam I 24 I Aesham 


tyitlyabdhantekshayaih 16 j fesharii [ 32 | pratyayamkpyate | ^thapanam 


0 111 bha SeshaTii 32 : phalammula 108 || atha . 

1 1 1 1 1 j 

3+3+3+ I majatikpiya/faranam . i . . 
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. . . . . pra tyayam 

tfibhitrvashtabhagasariiyutaiii . 


8 + 


.... tada ' 1 shtottara^ata x kirn 

3+ 

. . . . yadyekasyatrayastraya ashtha 

i| 27 

| 8 

j 

1 

1 108 

1 1 

! j 

i 

bhagatadadvatfiii^anamkimiti 

1 

1 

3 

3 

32 

phalam 

. . kpddhantasyalohasyada^arhshakshiva 

8 

! testrayaiii | 


3chakirii&shariivadapa$(Jitab 
. . rupam 1 | kshayariikyitva 


3 140 

10 1 


kjitvarupakshayampastkamiti 

i atari) Sesha 7 , nuilarh 

10 ! 


40 | anenagupitamjataiii ) 98 kshayam 42 | evaiii 140 pra . 
.... na I 7 


1 | 98 j phalarh 140 
1 • ! 


. . pratyayaii | 0 


palakrite pa 
. . thatambru 


1 

3+ 

10 


idaih 


2 j kpitvarupaksha i 2 


9 


latfibhagamkshayavrajati | ashtada^a . . 

1 18 j 

hi || 3 1 ! karapam | addhyardhapalaiiischhe 

3 bha | 

yamrupam 1 j kshayaiiikritvajatam 7 1 18 

1 J 9 1 


guijdtamjatam 14 | kshayam j 4 j pratyayatrairasikena || addhyardhapala 
krttetfibhagaiiikshay agachchhati | ashtada^apalakiitakirii k s h a y a i i i v a< i . 


pdita 


kimiti 


1 1 | 18 

1 3,1 

2 j 


phalarii 4 j punatiibhagadivardkarutadachatu 


1 

3 


1 i 4 I phalam 18 

1 i i ! i 

2 


!|| uda || chaturbh5gamala 
rna^atapam ... 


|10v.J 


I Hr. ] 
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[ llv. ] 


1 12r. ] 


44" 

1 

4+ 

1 

4+ 


1 

5 

1 


! i 


4+ 


. . . j . . j athapratyay . . 
phalammula 600 || punarevaprastarakra 


mam 


64 jshamsthapya 

i 

sesha 168 to 1 
te 


500 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

44- 

44- 

4+ I 

44- 


phalam 

tediti 


0 

1 


6e ! 1 

I 64 

1 1 1 1 bhaiesha 158 

1111 1 

44- 4+ 44- 44- 5 

1 


anyaihchaturthapratyayamkpya 

phalam 600 || 


fidyaihkshay&m 126 6esham 376 || dvitlye 
. . . a6a 0 ^eaharii 

. . sham, | 158 | e£asarva 


64 


kshayam 93 to 


281 

kshayarh 

70 

sesham 

210 

kshayam 

1 

4 

trakartavya 

5 

16 

II 

15 

16 


52 

47 


. . . . tvprasthama 

dhunastathab ambhasa 


kritvarupakshayampastamiti. tatrakshayam.pastamiti .tatrakshayab ru . . . 

• • • 

gadyutigadyutigatvatprastham . . t . . . . 
yojanam | chatuprasthai adhakam | tadadhantasorguna 

*tab || 4 ||anena . . 


nyaseshaih 3 3 3 3 4 

4 4 4 4 1 

gadyfiti 


tatab | 81 avrittiprav rittirgunanaiii ta* 

256 j 


n . tamjataiii 81 eSamaddhubhagabhagehritelabdhara | madhuprastu 1 



64 1 

1 aiiibha 1 bhagaprasta 2 kudava 2 se 

15 


16 

16 


. kt.iprakshepake adhaka^orfashakudavabhavanti | 16 | atoma . . . . 

. . . ^esham 12 „ 
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10 


e 


[ 12v. } 


prasthakudava | 4 | 3 4eshachatvara 


. . kudavab 
kudav dib A?/ktaih 4e 


2 2 j 3eshachakudavaplta | ma 

1 1 


4 4 ! sham 81 ! 175 
16 ! 16 


jalabhS 


7 

1 

4+ 


jalakuclava 


10 g e 15 I evaiiikudava 10 II 

1 16 


9 1 punachal 0 ur 

1 

4 gam | madhukudava 5 


uda || dntvil6ulkim 


chaturbhagamashtau apltakuiiikuma | irhatusulkasalaistukiihseshaiiivadM 
pd-ta 8 1 ;karapam | kritvarupakshayariipastam | pastmii , 8 3 jgu . i 


taiii 


4+i,| 6 I 6ulke 


4esham 


6 


ane 


1 4 


nagu 


4+ 


. . . rii . kshayam 1 1 £eshepa 


1 

0 


1 

1 

4+ 


datvagupitajata | 27 


ta 


1 

1 

1 

1 

gunitamja£am 81 

II • U . y |8 

1+ 

1+ 

1+ 

1+ 

, 32 

! 4 

4 

4 

4 

4 




phalam 81 phalarh || punanyam 
32 1 

phalamkumkuma 8 || uda 

. gudapindashtabharakara | 
gupitamjatam 


8 

1 


2 5 4 

3 6 5 


8 
1 

1 + 

4 

1 + 

4 

1 + 

j+l 

chatu <f> pamchakala 


phalaiii 1 81 |punapratyayaiii 
32 

|| tfibhagashaclbhaga 
kim^eshamdattabhirbhavot 


1 + 

4 

1 + 

4 I u 

'14 

i 4 ’ ! 

1 * 1 

bhenadasadronatprayojitv/ 


32 jetatphalam || || 

9 


0 

1 32 

1 +!, 

4 


bha 
3 

pameha 


dvaitpbhistukimlabhamkatthyatamgupakottama ;i 10 

* ... 126 | 


i 10 

5 

5 

[ 

! 1 
1 

t 

• |. 


[ 13r. J 
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( 13v. ] 


[ Hr. ] 


4 

1 
4 
1 
4 

vriddhyatyibha ! 


a 


jjakasya 


2 

4 dro 
pra 0 


10 

1 


0 phalamdrolP 

J ill uda II kas y a 

1 


shashthisvadale 4 nakshayariigata 

i 

u . vriddJiyatyiDnai ge»a 4 a pra j svapadena 4 tatojjhitam | . 

ku 2 

ddhyatupaiiichabhagenastatha ku 4 praathi vri ddhid vayogatam | kavfiddhi . 


. syakimva^eshamtaduchyatarii jl 60 1 
ta 36 || pratyayarhpu 


60 

1 1 

1 

1 

1 

1 1 

1 

1 


2+ 3 

4+ 5 


rupala . 
nasyaiva 


1 1 1 1 bha 
1+111 
5 3 4+5 


36 phalam 60 J| pu n any aril prat-y ay am 60 | phalam . 

1 , ! i+ ' 
8yevamularhnaj?layate || 


+ + Iphai 2 fnrii 


OrHrHCiiHCOrH^rHlO 


lat . dhan . | yasyatanmayatachakshu . . y . . . . 

pahrita^ulkapiiK.larii 24 || karanarh || kritvarupaksha 


3 


pftsta | 

I 

ajatam I 


2 

3 


3 

4 


4 

5 


j a tu sariigupy a j a tam 2 eta vadapirupa aa tii su 

5 

3 anenabhaktva^ulkapindamgumtaihjatarh 

5 


40 


eSapindampratyayam | 2 40 ; gunitajatam 16 Sesham f 24 , 

5 1 ! 1 

Tit 40 | anyarha syapratyayam j 40 | phala m 16 kshayam 2 . . 


vam 40 | || || uda || gudapinda 

. avyegudani | tfichatu «£pamchashadvriddhya 

••••** * m 6.. 


1 

J j 

3^. jnatatulyo^chatvari . . 

1 + 

4 ; chatvarim6avekshaya . 

6+ 
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uda || ajnaiarambhalohasyati'i 


3 I u 

chatu^pamchakakshaye | sapt . 


viih 6 atipi&dasyatjidhanta 6 eshyadvishyate | kiihsarvaihvadatatvajnakshayamcha . 
makatthyatam 


1 

j 1 

1 

3 

4 

5 


£e 27 
1 


gugitamjatam 1 2 1 rupakshayam 
5 


2 

3 

3 

4 


karaijam | kj-itvarupakshayamp&stha 
anena^eshaiiibhaktamseshaiii |27Jbha| __ 
lii jataiii 45 asyasaptavinsa | patyaseshaiii 18 || etakshayam || uda || 

. rikshlnasyalohasyatyidhantarhpamchamasakam | najnayatetpravjittikamna 
. . shapradyiSyate | pravritti^eshamyopindamkevalamvim^atisthitarh | a . 
k\itva 


. mpravrittisyakirhvaSeshamvadasvaiTie j 1 

S 


1 

4 


1 

5 


• » i 


. . . . kshayasyacha . r ialjt 

yamka6chiyadi3akyastaduchyatarh J| etanmesariisayamprajnaddhdhantakshayam 
vichara^ab 


. jatam , 3 
! 5 

. jata I 

32 || 


2 I; 3 

3 ! 4 


5 32 

8 1 


kshaie 32 | karaijam || bdhantasaiiiguuyagu#* 

rupariidadya ! 8 I bhagehptelabdh&mbhaktvels 

1 5 


phalaih 20 e^asapravyitti | 6 esham 12 . . 

pamchavirh Fatima sutram II 25 

J. 

~'y~ 

t The bottom portion of 15 recto is blnnk. 


i 3 


1 

3 


1 

3 


. . . y . pravyittibhave£saMe || 

6e 16 j karanam || dhanta6oghatitamtena | rupa 

1 ii 

kshayarhkritvajFitarii 2 2 2 2 1 guijitam 

3 3 3 3 


16 

81 


guii ita jata I 8 


i 81 6eshe$agunaye | ^eshaiii 16 

j 16 1 

pravyittirityartkab || athanyavidhikalasavarne | chaturdhanta 

. . lohasya eka&tiSchadattavan kimSeshamvadadharmajnaya . 

. . flitekritaih 6ramarii ; 81 1 1 1 1 , phalamfe 16 || pu . 

1 1117 — J— j 

. . . yamkriyate ! || 1 3+ 3+ 3+ 3 | mfilaihnajuayate 


1111 bhaie 16 phalamlohapala 81 || 

1 + 1 + 1 + 1 + 1 

5 3 3 3 


bha. 


[ I4v. ] 


[ 16 r. ]f 


[ I6v. ] 
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[ l«r. j 


[ ] 


[ 17r. ] 


v i bhaktamjatam 
9 I anena 

S 7 


• • • 


2 se 10 | dk 
9 1 | 

guijdtaihjatam 90 , 

asyaprafcyayatrairasike ! 


2 bhagehyitelabdham 12 || 


6 


10 i pha 12 | II 
1 


jl uda || makskikaggliatakasyaivadvitribhagapravardlii 
. !yedvipaiuchaniobtiagotvitiyedvisaptako^6/i«??a//ic4a^wr^Ae . . 
. vaihbkagaiiievariijatapalatrayam | babhuvasaulkikaihfitva 


. rvariivadapai>dita 
. atimiti | krifcva 


2 

2 

2 

2 

6e 3 

3 

5 j 

7 

9 

1 


dhantasogrAd . 


sutrarh 


. 1 . 


|| idanisuvarnakshayarhvakshya 


. yasyedamsutrarh. || kshayaiii — • • sariiguiiyakanakastadyutirbhaja 

yettatab sarhyutairevakanakairekaikasyakshayohisah || uda || e . 

. . . ssaihkhyasuvarnamashakairi^ai | ekadvitrichatussarhkh?/d 

* ^I'abitasamabhagataiii || stapanariikriyate | esharii 

2 + 3+ 4 + j karanarh || k shay am sam gupy akanakadi . i 

2 3 I 4 J kshayenasamgunyajatam | 1 | 4 | 9 | 1ft 

. . . ti | eshayuti 30 i kanakayuti 10 anenabhaktva la . . 


|| uda || ekadvityi 
awmjaprojjhita ime 


1 

1 

• | 

10 

30 

4 p hamate 12 

1 

1 

1 1 1 


maSakadvi 


1 

2 

3 

4 

2 

3 

4 

5 


li 1 

2 

l 3 

4 

j 1 

1 s 

! i 

: l 

( 2 

3 j 

4 

1 5 


, . kshayamsariigunyakanakft esasthapayate | 

stadyutirbhajavetatatab harasasyekyiteyutam 


•63 j saihyutaixkanakairbhaktvatadakanaka 


10 


anenabha/r£<m 


jataui 163 | esa ekaikasuvarpasyakshayam || 

• II — 


600 

i 

sikenakar 
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• 

% 

* 

. £00 

0 

168 

4 

pha 163 

i ! 

60 

1 

150 


4+ 

5+ 

6+ 

7+ : 

8 + . 

9+ 

1+ 2+ 

i 1 ! 

3 + 

L _ 

6 

7_ 

8 

! o ! 

10 

1 2 J_3 i 

4 


. . srui.iutvame | kmmenadvayawi 

shadi uttare ekahinatam | suvarpaiiiwie . 
sammiihyakatthyatamgapakottama || sthapanam 

kshayaiiisaihgupya 
jat am | 


. . 30 J 42 | 66 | 72 | 90 | 2 j 6 | esamyuti | 330 || kana 

. . myuti 45 | anenabhaktva labdhaiii 330 pamchada^abhagechchheda 


| phalam 


7 6e 1 I eka ekaikama&a 

3 


kakshayam | pratyaya . . 


330 


1 

1 


phalam 22 evaihsarveshamprart . 


. kab kamchanaiyadbhavelabdhasakshayajnatamaiaka || uda || . . . . 

. shakopraptodvau . praptaiiichapaihchabhi | tiya&chakatibhi ^praptaahadeva 
. nikevalam | chaturbhimashnkairhTpamkatidrisht-hvamayasakhe | traya.4cha 
katibhi ^praptasuvarnam ma^akovadah 
apr&ptasamgunakatlditi 


6 

1 


3 

2 

3 

| « 

2 

5 

0 i 

4+; 


karanam 


tvara 4 samgupyajatam j 24 | kaihchananitatojjhitamdvabhyam 


kapaxfachabhidvayam samgupyajatam 2 
hitvajatam^esham 12 j apraptagandikai 


10 tadyuti 12 | hi . a£ . 


r 2 


[ ] 


[18r.] 
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[ 18r. ] 3 • . ...... shtavimsatimaautraiii 

|| Butram unaissamgu^yakaimkatatpiadamchaviSocUiayet su —•••— 
yan^akanakabhyastara^isheshamvibkajayet apraptagaijdi . 

. 6a6uddhenakanakenatu | yallabdharhtatpramaijamtugai^dikaya vi . i 
. . t || uda || ekadvitpchatussamkhya apraptamasakani tu 

. kadvitrichatuisarhkhyfi ekatravartitakilab gandikajwd . . 

. . ka unaikada^amashakai | apraptajnatakanakaipra . . 


yab 

i 

! 2 

3 

4 

0 

karaijam 


i 

i • 

• 

• 

1 • 

) 


[ 10 .] 


Folio 19 is blank. 
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t- 


asyaiva<£praskpasya . . rovi 


20 rakti 
1 


. pd 1 || punatri 

. chhedam 6 dha 
pa 2 mu . || 


X 

dha 1 
a 1 
0 

ya 4 

1 

4 


su 1 chhe 80 raktisurakti 1 

11 1 


tlyasyaiva 2 20 

1 1 

draphadha 4 ya 1 * 

suvarpasyamapamsama 


. dft || sapamchanavabhagapidinanitrayodasab 
pamkim || || 


pha 4 y 
dha 


v 

1 

3 


1 

1 


1 1 chhe 1 

2 2 2 
1 chhe 1 

4 4 


pa 12000 | 


4 

1 


5 

1 


1 chhe 7 chhe 


• • • • 


arapam | sarpo8htada6ahastopravi6atyardhamgulara6anava 
. i ekaviihSatibhagammapaharamti | pratidinenah kiinkale 
vilamsamprapyate 
. 2 ma 4 di 10 1 

. || kita 1 g l| x kilardhariigulamdivasedivafle 

pamcha6d . . . ke 


1 1 
2 21 + 
1 
9 


1 1 
1 360 


18 chhe 24 amha 

1 1 


. tribhdga 

. . . dmetatha | trirupaparhchabhidinai | . shSmda 


1 

1 


ru 1 

ru 3 

djishya 100 

1 

1 

1 

di 

; 5 di I 

I 1 1 

kptva 1 3 

1 


2 

1 


3 


dyi ioo 

l 


bhaktarii | 5 | drishyena 


[20r. \ 


;t 2ov. ) 


[ 21r. 1 


tThii leaf consists of six scraps besides the portion marked (a). 
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C 2L v. ! ] (a) 


\ 

. . vardhaiiityitiyasya jivalokat eshamdlnar . 

. . . kasyakiriibhavati 2 dl 3 di I 4 dl 

1 1 

. rivartanaihkyiyate || .2 2 |_ . 

1 1 \ 1 

36 dyi 600 prakshe 1 di 1 di 1 di 

10 1 ; 2 4 

\ 


W .. i |. .. -I 47.5 


947 

rtitajataphalaihdi 500 || asyapratyayatrai 

. frikena 2 di 1 di 100,000 phalariidi 60,000 

1 1 947 947 

2 2 

3 di 1 di 157,600 df phalariidi 60,000 

1 1 947 947 

2 3 

4 di 1 di 216,000 di phalariidi 60,0 00 

1 1 947 947 

2 4 


[ 22v. ] dviguiiaihdvitlyasyaprathamd 

| prathamachaturgunarhchaivachaturthechaivadattavan cha 

.... amgatamekariidvayanugaih || vadasvaprathamedattariikiriiprariiai?arii 
. sya . . 0 2 | 3 | 4 jldyishva 200 j gunyamekayutarhkritva 1 | 2 | $ 

kshepayuktyaphalarii j 20 | 40 | 60 | 80 | evarii so* 'H esharii 
. . a 20 j it 20 | pa 4 j ruponakaranenaphalarii 20 . 

\ '|| siitrarii || yadyichcA^a/rinyase^'wnye tad& . in 



123 


. dachafcyiguoamd . . 
pra£Aamasyatukimbhai> e t 
yadyieAehhavinyase6u$ye 


0 

tada 2 

tada . 

, • 


1 

1 


1 

.L j 



. chchha || 1 || tadavargamtukarayet 

kshipeguijitam || 1 | 2 | 6 | 24 | 


2 

1 


2 3 
1 1 


6 

1 


prakshiptam 33 || dyishyamvibhajet 

132 

33 

vartyamjataiii 

4 

1 

padattarh || atonyasah. || 4 | 8 | 


24 | 96 | . 

• » 


eshayargakramaganitarii || || athayuti vargarh kri 

s . tam || . a . i . arh 6wnyevi ny astarhtadachai vakra niegu na lii 


. . . . kyitvachaturtha 

prathamasyatukimbhavet . . 


3 3 

1 1 


12 4 
1 1 


dyi 300 


kami kaiii sunyepiny astam 
mikam 1 Ijeskapyastampra 
ra6 . tadachaivakrameijaguiiitam | 1 | 2 | 9 | 48 | eshamyu 


60 ' anenadyishyaiiibhajitam 


1 300 

60 1 


jata 


e 


. . syadhanam ... anenakshepamgupaye | 5 | 10 | 45 | 240 | © . 

. . yutivargaganitam ii ii uda || prathamasya . 

. . . thariidattamchavaidhanam | sachadvardhaywtodattarii . . . 

fata rh chatuschatvr/imiadAi 

*dattamchaivachaturgui)ara* | Amprathamasya 


0 1 
1 1 

2 


2 2 13 3 4 4 

1 H! 1 li; 1 1 

2 1 2 ;; 2 


dri 144 J 
1 1 
2 


6upye6u 1 . 

1 . 

yutamchaivagunamtatab yutamchaivagunariikritvakarayegana . 

natu 


. tlyara 


gunam | upare uparamadhe adhamgunave 1 10 I sardhadv . . yutaifr 

! 2 


Jsyagunanam | sardhaissaptabhitrlni j 45 ; sardhatrayayutam 

chaturthara&gunayeshshadvimfatibhi | jata 208 

2 

i && evam dpi 3yarii | sarvamtadevajatam 


sardhachatvariyu . 


[ 23r. ] 


I 23 v. ] 


[ 24r. ] 


*Tkia pkcwe u deleted ia ike MS. 
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{ 24 *. ] 


tfisardhayu . 

wrgmiamcAaturthenanavardhayutamdattam | 
tadvavimiSadhikakimatraprathamasyadattasitf 


3 

2 5 1 

3 7 ; 

4 9 

ekatramdattam 222 

2 

1 2 

1 2 1 

1 2 



• • 


6u#ya 


. erH . datva || 1 || yutagugitayutakrameija j atam || sthapa . 

dyishya 222 | prakshepenajatam 222 !|| . 

I ntab dri^yab 222 || ja . 


• 

67 

357 

2 

2 

2 


|| uda || prathamarhnajanami | divardhayutam . 
pampamcAar<£Aaywtamprathawd 


0 25r. ] 


3 7+ 

1 2 


rupamdiyate | yutamjatam 

i 

tritlya ekatregunitam | yutena | 


5 

2 


dvitlvaguijam 


10 

2 


yutam 1 1 10 
2 


23 

2 


yutam | | 33 | gunitam 132| riijamjatam | pa rya 


e^anyasa 


5 

5 

23 1 

123 

dfishya 78 

2 

f 2 

2 : 

2 

1 


vibhaktavyam j 2 


78 


dri 78 

1 


parya 
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rap. . . Supyasthane [ * 5 v. ] 

rupamdatva 

15 pra 
2 

lgunaihnavardhayutaiiijatajii 29 ekataanyasa 

2 

dyi 71 prakshiptami 71 bha ktaiiidpshyainjatfini 1 

2 ; 

anena 2 sarvaihgunitamtadeva 5 11. 22 

J i 

ekatram j| uda || i 2 j 2 

. shariiaparovidhilj || prathamadhanamdattamnajatamkimtiulivardhayutarii | fcadadvi 

ig miamdattariipamchardhahmam | tadatritlyenatfigunariHlattai'n sa ptft rdha 

. . thachaturthenachaturgunarimavai'dhahlnaihdattaiiiekatraiiita . . . 

im . . m . ... 2 5 3 gu 7 4 gu 

12+1 1 



5 15 

2 2 


yutajata 


thamatfitlyasyalji 


guijaiiiyutaiiijat«/?i 


. harapam || &\inye 

. . rupamdatva^ yutamjatarh ,5 p ^ 

. m 5 | prathamatyitiyam trigu/iam 

2 

ma chaturthamchaturgapamnavardharahitarii | ftesliaiii j 11 e . . 

12 

5 5 8 11 j dji 29 prakshepayuktilj i | 29 j 

2 2 2 2:2 2 I 

I : bhaktam I 2 29 jatarii i \ 1 

29 2 — 

t - • guflitamtadeva | evamriuara^ibhavanti | triprakaraih 
. samaptom || ^uyasthanerupamdatva | tadanuyuktam | gunita . 


8 
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[ 26v. ] , 


\ 



phala . . 

athadvau 4 | JO asyadalam/^a . 
athclahtha, 8 | 32 | dalaiii pha 
bhu 36 16 | 28 dalaih pha 

l 

1 24 | 16 dalam pha . 
athatrlui usara da . 

36 | 20 | 4 | asya tfi 

32 | 20 | 8 atho chchhed 
28 | 20 | 12 puna 
24 | 20 | 16 . 


• ij a 


[ 2 7 r «] . chh . y fasmatki 

kaianam J prithakrupaihvinikshipya | prithak rupam kshiptariijatarii 

bhyaso | tatraguna |_ 3 I 4 | abhyasarh | 12 | rupahlnam /_1 

a6A.rtpdcliatu^pamcha Jft | atrakshiptaiiijatarh | 15 | 16 | esatriguij • 

, . . tamula . . nichatu^pamcha || 5 | 4 | eska 


63 


[ 27v. ] 


. masyadhanarii J esharhanukkramenapurvokt . sth . . ri . . 

yutariijatariipratyaiA: . 

16 | 17 | 18 | 18 


9 pra 

7 dvi 

10 tri 

8 cha 

11 

pam 

. rh 

10 tri 

8 cha 

11 path 

9 

pra 


.. . aih sarvatra karayet || 


[ 28r. ] 


(aj* 25 da 

tariidvigunamdvigunaibbharamas 
labdham 14 || punakfiya 


•This is not homogeneous. There are portions of at least two leaves. There are other small scraps. 
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(a), 


vet || . ... 

11 1 

guitaye | 10 | 8 j guiji . jata 9 


ahutva adho 


sr). . abhagasyadivardhaxkiiii 90 

phalarh 5 . 


shaguiiia 

11 

2 phalam 
o an 


(a) * -•••- ^ sutraiil II gwnau 

. . . kadhanaiii || gmianyasorupahinamlabdhariirupaiii 

(b) prathamanyasya | tatiechchhapaiiiclial.i | 5 | tatprathamacha . 

. 4 | 15 | tad ad I i.fod li ay etk ran l at ddi/m- . . . pariichadadv 


(c) 


kr 


e £achaturda6abhi6odd hy aSesham 

(d) . . diset || uda || dhana . . 


. t . i . ch . 6 
J j e ri pamc ha 


. syadvitiyayonmiSramdhanamtatrattrayodashab dvitiyatyitiyayonini . 

. . . 6a | adyatvitTyayonniisraiiid]ianaTTipainchada.4asmiitab ekaikasyadha 
chchhichekatthyatammamab 


13 

i 14 1 

15 

1 

1 ' 

1 


(b) 1 19 2 \ karaijam || ichchha 

1 1 j 

. . danliodhayetkramat tatradi 10 sud . s . e . 

(c) . tlyayam^oddhya 7 chaturthayam6oddhya 12 pam . 

,(d) y . . dvitlyay . . mitrarhdhanam 

yatyitlyay . nmisramdhanaiiisaptadashasinritah tritlyaschatuithay . 

. . . chatu<£pamchakarm6ramtudhanamekonavim3ati | prathama 
. . titatracha ekaikasyadhanarhkiiiissyadvechchhi . . 

. . 17 || 18 || 19 || 20 || 

(a) tr . bh . 

’Besides the pieces (a), fb), (c) and (d) are two other small scraps in the envelope. It is doubtful whether (a) is in the 

proper envelope. 

!1 2 


[ 28v. ] 


[ 2* I 


[ 29v, ] 
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[ 30r. j • . 1 • « • * • 

• • pra ...... 

sutrarh | ekayutanarasa 

uarvaahshadbhipala . . . anenala bdh 


hitapwthaiii 

-16 

42 

48 j 

54 

6 


: 

i 

sh . 

78 

7. 

• 


[ 30v. | • • • ka 

6V/(7tsad]‘i^akri 

bhagaharaihkriyate 


/<7/aladhe 

3 

mudgadhe 1 


1 24 

47 

. /my ate | 

1 70 

1 

• • 


234 

70 



! 8 

31r. JV . | 30 


trairaiikena 
ii/asya kfiya 
. . dram 


3 dine 

1 


2 

1 

2 


168 dind 

11 


r* • • • 


168 dina 

11 


te | . . . 

phalath drain 1 140 , prathamenadattam . 
saaptalj | 11 J dattaissamadhana jatd | h . 


. shadriSam | 77 

11 


294 

11 


patyaiesham 


217 

11 


dvitlyasyadatta . 


. . 77 eSassamadhanajaM || 


|| punanyam$an>a/>7m . . 


bha 4 dine | dram 16 jlvya || Hvitlyasya | bha 3 dine | dram 

1 1 

44 3 


*F. 31 consists of two leaves stuck together. The transliteration given is that of the outside surfaces of the two leaves 
only; but it is not always easy to differentiate. 
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bhaga 


. karanarii 


. . . chchhedasariigupe ! dram 1 4 tarn | dram 16 mudga 

11 I 

- •. I 2 

. . 7<2Aayutihritaphalam f| asyagui^akaradvay 2 1 

9 13 

. . uparariigunave | ddautava 5 | dva 2 2 


. gu^aya | 2 | 


dvinavabhagesu . 


chanmanibhaija 

tugaganamnita* *ravane | ra 

yariityaktasutayasSetaya | snkaikenaparavartamdlmmrrbhagaaapa 
. vanepatamaijaaaudasabhagariinidharyate | evamtatparimaoa 
hiyamanariitunitya^ab kiyataatuparavartaibbumiriiprapyayateja . 


dha 1 1 

1 10 + 
5 


para 8 i yoja 30 chhe 8000 yoja , phalaiiipara 

1 1 

: varta 


18181 se 9^ , uda | naga&vachchhandagamie£ra£acZtac£a.ftr 


[ 32r. 


. l . 


. nam 


phalamva | 

i 

c^ar!6va 

namtusa :i 

yatapam 
. ko /* 


yasvagc v 


d ... d 

*7<dhzte etadviko 


8 

3 ' 
4000 


urdhachchbe 768000 ayo adhachchhedam l 

429867 ma 1 di 4 ]| uda || vra 

ktapatitambhumitalepatam (| tyisatam 
! ptayojanaAlyate | chaturda6a6tuko£t£ • 

cha^ashticha | kaidinaibhutaleprapyava 
N Mama l| nyasasthapanamkyiyate | 


[ 32v. ] 
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. L 331. ] 


! 33v, | 


I 34r. | 


. . 6A«sardhaiva* 


1 chlie 9 guva 

1 


\ 


gha . . . . 
uda || dinarakonamavi&Z . . 


trIduxkkarjanlyamsukhabhojanecha|tasyardhamardhamchayadardhamardhamtone 


. guru prasad aril 
. p«??adhanabhu 


1 

1 

1 

1 

1 

1 

1 

108 

1 

! 2 

2 

2 

2 

2 

2 

1 


phadi 1 dha 8 . . 
ktarii || ardharn . . 


ataraihnavaroma&itanicha | dvada.4astItichaimanikatiroma . . 


900 

12 

24 

12 

1 

24 

1 

12 

24 > 


1 

1 | 



1 

1 


I • • 


nya 


sth 


1 

1 


m 


*gha 12 chhe 33 

1 1 


112 uda || suinerupjithivli4aihkusuranaihparima4rayarh || aru 
. . xka6chitarasasuramadirarii || satatarhsaptasardhanaihsapdgadhyase . 
|| satribhagatiipariichaiiisanityamevariichagachchhati | yojananarhsaZagrwna 
chaturasitimchchhyitam | kenakalenasaugachchhevadametasuni4chi . 

adhachchhedarii 360 di . 


! di 1 

yo 84000 

1 

1 

! • 1 



. sasya . jat 

rthinah khage . k . d . 6Auktaprasritiriichaivamevacha | . 

shtau vad asakhekirii gain vadasund ari 


pra 1 

Ikha 11 

kha 

1 

, 1 



phalamkhaga 83360 eshabahupramaparh || 
ka4chitpumamsuvarnastukalapadayutariiyavarii || pratyahariisulinesu . 
kiladattavaih | pamcha6rfaima4amevaihtu diriaipariichada^astathab datva 


syasarvayajnatumichchhamitatvata 
. . chchhedarii 192 yavatola | 


di 1 
1 


1 6 bha 

1 1 
1 4 
4 
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yukta 


chattfitamgai | tanlya^awwampamyaT-junenagi'iddlira 


tayaspyiSamnti 
940 || ma 

. stapamchaparii 
. trakathaya4va 


1 

8 

1 

9 

1 

5 


4a 1 

1 

saka 


yo 

777 

8 I 
1 ! 

ja 

222 

1 chhe 

7 j 


phala 

rdhayutovya/c^ 


cha4asaterepavajramapa ila bdham 
nmlyaih4ai)achaturbhagasyasiddhaithapaiftcha 



1 


gasya 

ku 1 chhe 128 maku 1 machhe 40 sima 1 

8 a 55 


2 12 

1 


ii 


u 


m 


II 


(a) 


jata | purushali i 1 3 

'42 


3 j eshawsadji^e . 

■* I 


guparh 


21 


dhanaih 19 

1 

* 


anenagunitaiiijatam | 4 eshaprathamasyad/ianarii 
dvigupam 12 dviyutaiii | 14 | etadvitly&syt 

dviguparii 42 Lryunaiii 39 eshalj nyasab pratye/ta . . 
da4amagravfindanam chaturdasa ekonachatvarimsa | ta^padaydhatribhagan . ii 


4 

1 , pha 4 

e.vam dl 21 


| 4 1 



,(b). 


smatkarapa | tayoryogaviyogamsvaviyogas 


. . rw4abhajitapurusha 15 anenabhaktva dhanam 9 

' ^ 

. . . . tadnwpaddhayasahitadi || . . . . 


r i 


[ 35r. } 
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[35v.] (a) . wshafr 4 6.5 

i ! sarfr/shayutikp . ajdta 60 


. . . || eshagava6vamahishipratyaika6aleshu bhdga 

1 

. . 6a ! 180 ga 4 pkalam 45 . . 

T 180 r II ~ 

. . 1 6a 1 asva i 6 J phalaiii 30 4+ 25 

1 1 

ni 1 6ala 180 mahi 5 j phalaiii 36 5+ g 

1 

(b) , . . muleija 1 ! etadvigupam , 3 dviyuta . 

2 ; ; 1 I 

ft 

yasyadhanaiii | tadevasardhaiii 3 | asyardkaiii 1 yutaiimyasa j| 

2 

dflitiyas 


l 36r. ] . yachaturda 


hyapamchatrigiini 


*tasakhe 'I 1* 

1 


ro 21 eshade6apramai>aih samaptarii || || sa i 

lavanasyarashekoshthatariivakritaiiuharai | eshamchaikaiiira6ipunasu . 
/i/adkanlta | saptanariimapichaikara6istulitaiji | pamchasaptatya . 
hasraiiibhavet. saptashtaguQaihkirii ra 1 j 1075 || 56 || adhachchhedam 


1 1 


2000 pablia | phabhft 30 pa 2 


00 || esha 


silavaijapramaijam || kakinida6abhagasyadadyadashtada6i 


. . 5 | tasyariivim6atibhagaBva6atabh5gamprayachchati | narovaksha 
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• • ^ • • [ 30v. ] 

. . yachayacha * * 1 . 15002 . 

• • yojapamcAakam | nya£a stha 

.2 11 yo 5 chhe 4608000 yayo phava 2 . . 

1 1 860 1 

. .. . ma 4 . . 

yojanasyatfibhagardhamsatribhagapadonakaiii | yanaudinattfibhage . 

genagachchhati | 6apuna ^pamchabhagardhamyojanasyatathashtainani 

tinivartamtevayuvegavalahata | yojananamshtootaraiatarii 

. . lenagachcMati i di 1 bha 1 1 gu 1 1 13. 

! 3 3 2 5 2+8 


. • • • • . K • . •*••••- | 37r. j 

suyama^asyadivakarasyaghatikai xkimprayatasyavarf« 

. suniSchitam I 30 muchhe 2 ghamu 600000000 gha 1 I «ha 

1 1 1 1 
y o 8333 . j ^ 

. 73 | rbhaporathaiiiHuramahoragasiddhasaiiihaividyadharai^pariviita/// 

. ratrau | koti^atardhaiiisarathariiprayasyat. tadbruhisastrakusalo 

% 

. . vartam || muhurtamekenakimgachchhebruhimeganakottaina || 

. . . . fj 500000000 ji gha 2 JJ yo 16666 . . 


| I I stubhaga 

bhagebkavedraii | urdhachchhedam 108000 viliptapam . . 

lipta 5 pamchardhasamvatsarebhuktera^aikayadibhanujab bruhi 

ka tatvajflasamaSvavasarepakim 2 i ra 1 

11 

urdhachchhedam 108000 viliptanarii I 2 

r54i | adh'achchhedam ^1 viliptaliptii || phalamvilipta 2 || e 

shagrah'agatim }| uda || rajayudhiehthironama <f> papduvamsa&r 
pripat . m . m 


1 am 1 
1 360 


[ 37v. | 


T 
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[38r.] (a) 


U 


dvitlyapankyayoga 75 vartyam 5 paniyam || tyitlyapanktyd 

15 1 

1 . 


kyiyate yogam 90 
15 

. . m . 


vartyarii jataiii 6 payasam 
I . m 


84 I 20 
11 


! 300 bh v . d 

vaipulygdyogam 

(°) bhaga vimsas chadasagui.ia | saptam . . ksh . . . jiia . . . 

drishthamcha&atani . . ai 



[38v.] (a) 


7 

9 . . 

dji 60 

1 | 

1 



prakshepayukti 30 vibhaktarh 1 dhanam 

30 


flitajata 14 | 18 | . . „ e . . 60 


(b) 

l . a 


k mulyam : . . . tall 

1 jdru mulye J 6210 maijale 5 iiii || pha 


(c) 


pha 140 
pKa 1 60 


*(h) Should go with 99 (a); and (n) possibly with 39 (e). 
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(a) 4 * £advada£anp£aka£tatha J saptap . ch . . ch [ 39 r. ] 

. dhasaptapamchanamtpdvimeka^prakalpitam | tasyavahasya kiiii k . m . 

. tairamama | kshetrasyasthapanamkriyate | | karaijaiii hshe.ttra 

(t>) dpsA^iAaksh ... 

. . . da6a | chaturdaSatfitlyasyachaturthasva n . 

sntusht-ha . . s . shth . 


(c). 

(e) 


it . sth . n 

(d) 

shatkasdne 

l 5 

9 kali . 




j 15 

15 


rhsthapya 
. . syakyi 
. tham&ra 


4 . 

5 . 

, 

, 1 4 I 5 1 6 1 

15 

15 

15 


4 

15 

5 

15 

6 

15 

yate || chatuibhipariichabhishshadblii <ju 

4 

5 

6 


• • 

15 

15 

6i yoga i 60 i vartyam 4 madhuglia 


15 20 . 000 
1. 15 ~ 

15 15. 12 a 


(a) 


chh u 

11 sabhi maijdalakai'tallika | e&ac h ch h ed a m b h a v a £ i 

yathechchh . . karya | suthatalakpya udaharaijam talasyay . 

. . mekam tarfua sa shtUatanariidam . i . a . m . irh . 

(b) dhanarn 1 10 || esha ekaikabhagagui.iitaja 

260 | 180 | 200 1 300 | evarii 

dhanam 1200 

(c) . . . 


(d) | pha 180 

200 


{e) *yet 3eshekshepa 16 anena trabhaga 

40 | 

pha . 


mi 


32 

16 


labdha 


12 

1 


pha 120 ev . labdherbhagam 


28 

2 


jata 14 labdhakshe^arfi vi 


[ 39v. ] 


T 2 


# The portion to the left of i /et po&Bibly belongs to another leaf. 



136 


[ 4 Or. | (a)* . ch . . yatra . ... 4 

. agariichaivakarayet kshetravaipuly ... t ... y 
|| ppishtka&atadvayamchaiva ucharesatamekatab flaipulyddv* 

m . . e . . m . i 

(b) * Hgiivm4a4chad . s . . t (c)* syatudv: . 

yamSatarii | sarvemi^rapi sh . mbhagastasyaivapamcha . 

(d)*fi 

bdhaiii bupayasoghatah ekami.4rlkjit . ri . . r . . k 

karanam | h avy at uly aiii d h i ni k ahi py a h 4 5 6 kuraprakskepakam fata | praksh 

4 5 i 6 

*This should possibly go with 39r (a). 

[ 40v. ] (a) j . h . ntyachaivatatphal . 

gunitajata 6210 eshavahasyakar^apramaijaih 
& . kemulyam kartavyaiii | adhachcMedariichat . . . i . . i 

(c) * dhanam . . 00 pratyayatraira (b)* [Blank] 

(d) * Zcritva netu | eko . 

k ritaiii | 1 4atatrayarpichabhi^punishairZabdhamkimadyampratkamadhanarh 

| 120 j| d . 225 ]| . . paiii . . . m 

* These consist of portions of two, or more, leaves stuck together. The knot on b verso does not appear on b recto. 

[ 41r - ]* dramma . shth . dvachatvalim^abhirdinai | tatsaptat . 

. p.ya 42 dine dram 8 jivya 70 purusha 4# 

1 i 1 I 1 

. dramma 560 || yadipamcha^atasashtyadhifter 

. alim4abhi j tadrammai ashtahhi katidinam . 
i • * * • m • « • 


•Besides the portion transliterated the envelope contains six small scraps. 
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uparad 

ya 2 adhedapayedattal.i 17 I adheno 


pansam 


parimara&dvayagu 


ljaye 


yet upariyuktakjiyate ekaparhcha^anam g 

. sthapanam f 7 j 63 || ‘j . m j phalam a 17 u 2 


[ ] 


2 | pha 54 
2 ! 


kriyate | 


sansvasardhayuktetrayoda^asardhambhavati 4 

I 

. . pi eshamchchhedariikritajata ekeiia 
. ri sardhatrayoda^abhikimiti ii 1 jj 4 j! 27 


i 40 bh5 

160 

13 

1 1 

1 

1 

i 

II 

2 | 


pha 54 eshaiiiapa 


[ 42r. ]f 


. . . ekenalabdhachatvarishshaglbhi II * 1 l I 2 j sampadyatekathain 1 
• • |f • • ekola6/<«^' chatvari Hansard hasyatukimbha vet j 1 

Qi . m 


[ 42v. ] 


saiata 54 | 6adtri 24 j . . 12 j| ardha 18 || ekattrarh 54 || eshamu 
tiwa&kakaranapratyekamulyavidhi || apararii vakahyami | vim^anomdi 
. kimprathamekhandhake^vayobhilikhita | apasyaprashnavidhi 20 1 1 j 

1 2 3 | 

. 3igu$aye | gunitajata 20 3 1 chhedam 20 1 1 j bhaf/e 

12 3 

jatamphalamru 10 || eshavim . . 6anarn di . . 

bhavati | atra uparimaSkhandhakasya esh agimakararii bb a vati | a sya 
khUyft . lam 

tBesides the portion transliterated there are five very small scraps. 
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[43r. ] . . . va g . . . 

. . arayet sardkadva . s . tubkojawamadyamuttamet . 
satpibkagatrayastpim saidinaidvanijyakasyatu | bhandaredvada 
sasatava/arapriiiistkitasyavai | eshavyayasamutpattaukaxkalarh bru 
hipanditakaraijavidhanenadvada^a^atasyabhaiiclaresthitata 

10 2 bha 13 3 bha 13 8 bha 1 3 bha 1 1 bha 1 5 bha 2 

| 11 11 11 11 21 11 11 

, 2 3 3 8 4+ 2 3 5 2 3 4 4 

2 33 bha 1 1 1 bhancja 1200 gupita . i 

1 1 360 1 

3 

1 43v. | . i 2 ij 10 800 . a . . chchhedaih 360 di va II bh 

i 1 j 1 

re j 3 ! 2 727^^ jjasaha || ayupipdam | 

adhunavyaya pintjam di 1 j 1807 800 j 

urdhachchhedaiii 360 1 | 240 | 727 727 1 


diva 

2982 

puna 

800 

2982 j. 

1 

la.. 

1 

dam 

486 


727 i 

486 

1 

! 360 diva 

pha 

727 

lain 


727 j 

pratidina . 


1807 evamsarvatraira^ikena | uda || 


ti 44r. il i £559 di 1 . * . . £23 evam .... 

ill j 144 

L 01 vyayapra manam || uda |) eka . 

iardhamutfpatisatpibhagadinadvayet pujartham satribhagamcha . . . 
* ta^chayet sashtabhagadinatrlijivasudevasyacharchane . 
padonatrayoda* *iapamcha ashtasardbadinani khe t || 

brahmapabhojanedadya paralokahitarthinab satpibhagam 
* * . jjaramsapamchabhaga’dinattrayet pa . 

. . . lachendarhchakaXli . lakhanavalikd | sardhamsardhamdine 


2982 

486 
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[ 44v. J 


• • 


. pta^atanamkaxkalarii arjanabhakshape [|| nyasastliapanariikri?/a 


bha 8 di 0 bha 

1 pa 32 bha 6u 2 


36 bhai 

1 

1 

1 1 

3 

11 1 

2 

1 

4 

1 ' 

1 

360 


ra£i 

j 223 

ayara6i 

280 


i 144 

i 

! f 

| 

61 


. di 1 
1 


223 | 

280 i 

144 

61 | 


etatkale^a arjanabha . . 

urdhachchliedaiii 36 . 
phalariiva;/ 


2659 1 eshavyaye ||* 


. va 4 ma . di 2 £e 


28 atha aya di 1 , 1 

61 1 | 1 


28 


. 225 i 

32800 


dalita 

diyutab 


10 325 

65600 


ta 


6455040625 

3227520000 


a 


108625 ! padaghnapa 

65600 

toparrichaviwid 


ti uparal.1 

. . te labdharii 2 eshadhanarii || 


6455040 

3227520 


II 


m 

l 


; a 1 

u 1 

padu 0 

1 

1 

1 

: l . 2 

1 2 

: i 


dhanu 7000 ! a:dito 

i 

J . o . i 


cliaturnam 


[ 45r. ] 


43 


■ y ’ a sy a varga j 147456 J a sya 

271936 eshasarvaguaitakaranipaft 


. kyitvabhajitajatah 


. aSivarjyajatab 

i 579 
515520000 
; 777307500 


1158 + 
671250 


am3airam6aguflaye£ 


294912 + 
777307500 


579 

768 

1158 


29* *4912 . 
777307500 

6esham , 579 

515225085 

6am 


| 45v. ] 


87588 || dvayenamule 


0 
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[ 46r. g 


. 4663845 . . . 

1 I 4663845000 

21790250044 || dalita e • 

5 5 4 6 1 5 0 0 0 J 

; 110895125022 j adisamyuta 

3227047522 j 1 5 5 4 6 IS 0^0 0 j padaghnak 

1 5 514 6 1 5 0 0 0 5 0 7 5 3 3 8 3 7 6 2 7 4 6 7 4 3 2 7 

rakaraflipata I 72504833946750000 

^1743271936 ! patitajata uparanyasasthapa 


25000000000 j| bha 


[ 46v. ] 

. • made 8 j made 6 made 

. . ka 20 " " — “• 

. aparaprashtab para a i e vihujapavihanhai . . 

. na j gorejamacha uppanesamale a . . dhapa 

dhale apotdine agape vlhujapa ehuvi 
karapam | traigodevarehahipapehi sa . . 

. . . . a iSudhed . hivo 


vichakshapah chamus^upjitanastisrastisrasiSchamw . 
mklnida^agupamahurakshohambudhab || akshohi 


ra 1 j 
ga 1 

na 0 

tu 3 | 

, da || 


e 

sha 

3 3 

1 1 

3 

1 

3 3 

1 1 

3 

] 

3 10 g U gupitaja 

L 1 1 

pa 

i 

t 

ratha 

21870 


esha akshohi 

ti __ j 

ni 

gaja 

21870 


pramanam || || 

kaSchidraja 

nara 

109350 


kumara^atrudawm | 


i 

i 

! 

i 

haya 

65610 


• 1 • O • 
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tavyu 


. . 1 

i 

1 5 . 

10 ft | 

i 

i 

| 

1 

_i__ . i 


plia lam . 160 || u dd 

haparthamhehayaki 


. naghnatasayakai£chaiva^pattisvapadadala4o(jlasai | a . 
anyachatasravaihatatenamaharisavam || 6aranaihchaparimabam 


traviSarada 

ft 1 j 

16 

4 achhe 21870 

phalarii^ara 


1 i 

1 

1 1 

2624400 || 

' 

1 

4 


anya 

. Ipramabam || 

1 

2 

sutrarii || ekorathogaja . 


[ 47v. ] 


ki || di 


dam 480 

- • g* 

. . mpa 


ra 

ya 


. 3 bha ksha 8 

11 ya 1 

5 3 

ka 1 6 bha 
1 
4 

pa 1 


4 

6e 1 
3 


ma 


chhe 


1 
1 
3 
1 

12 
di 1 

30 


36 pala 

to 8 pale to 3 tfolena stidha, 12 
a 7 dhabenasti am 4 dha || am 2 


raktipa 

bitamjatam 

41994i 

115200 


[ 48r. 1 


«• * * 

dh§ 

. . 8 

chhe 


am 

. yasa 

chhe 

pbalam 

ya 


8 

2 


3 

1 

2 
1 


phalambha 2 . . 
s&'pala 2000 bha | pa 270 || pa 


to 8 tolapal to 6 tolenastidhaoa 12 dh 
yadidinamekena eshadatarhtadvada^avarshepa 


II 


di 


1 

1 


3 bha 

1 

5 


bhara 

varoaprama 
. ftraseft 


216 bha 
270 pa 
2000 chhe 

6 to 
8 chhe 

8 dha 

It 


varshe 12 3 

1 1 


os 

bam 


[ 48v. ] 


U 
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. ya 3 y&vmdstika 1 .... da 4 kalanastipa . . 

4 

padanastimudri 4 parau 8 mu 2 || udaharaijarh || . . 

sukhyaiiyajaihtidevipratimahnikecliit dadamidevyam/ 
karhcAalj. kritvadmdra^atanichatvaritadhanaka amdikarakti 
kayavakalapadamudrikacha | etatramulyariivadametatra 

syakirh 1 to 12 mu 400 j dhd 1 [' phalariidi 50 din dr a 

ill 1 !i 

j , - i| 

------ — -------- ------- am 1 !• 


stidhane 12 dha 


ra 1 j bha 


10 dha^ie anasti aril 


aril 1 


49v. ] . . . . hdsobh 


. . . raktikshaya . . . th 


yasyati parnchagunam 


sarrmpariichchassamaih | divasavirii^atikamkirii.^/mrf?/atimaharii 


vadanischayarii i J 


rasigunitaiii 

16 2 3 2 11 
1 9 2 0 0 


to 3 


ksha 4+ | va 25 chhe 360 I! madhya 


j ma 2 

! 12 

ksha I aril 3 


ya 60 : ma 5 

• „ 12 

si 4 

8 di 20 


yaiiisodhya 


6 0 8 8 1 
.9 2 0 0 


ya 3 

4 


i dhachchhedam | 2 

&& ^ 41 iL.- j 7 toUpalarn t 

pa 1 rvaguijitarii || 558 . 7 8 


[50r.] 


ntikavati 


l . 
1 . 
4 4 


sikasyartlieputra 


vaHshtaputraha 

pautra upayogyaihbhavatub likhi 


tariichchhajakaputragapakarajabrahmanena | sarveshariimevasiistraijam 
gonitarimwrdAra’tishtati | adyavasanesariisare utparhnna gani 
. . hit pa^cha^rishtitadakarturh^ivenaparamatmrtT? 

yridyariichasutpaThnnariigapitariisakhyakaranarh f vacha 


. hinrrw 


vadivft k . drh . i 
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gupayebhajaye ekar . . | uda j|dranime . . pusasataiii//kM/*rm 

ardhe^alabhyatexkati | ekardsYstukalanagaijitaprakyiya 

kurub || 1 dramme I phalain 50 apararh | uda || sardhadraye 


tray a i 100 drapusa sarclhadivardhelabhyatexkati J 2 

' - . I 1 . I 1 

mtram 0 jl ardhenoparisaihgunya i 2 


j| ardhenoparisaihgunya 


. v«r£Aakramenaeha j ardhena urdhaihgunayema j 2 


pamchasamgupe | bhajayelabdhapanyam . . e 


| 50v. ] 


• • • 


[ 6lr. If 


ra | 1 | 2 | 3 

sha I 48 i sesha 


1 | 1 111 

111 111 


eshaihyu/rfo 


sha | 48 | sesha ^purushasa 4 j| anenabhajitarlabdha l . 

. . . sya bhavati | 12 j 13 | 14 | 15 j ekatram 54 || , a 

uda || kaschidrajadadedanaiiisaptapamchasakaihbudha | paiiicha 
ehapr&vak&hyiimyMiupurvashah dvigupadvigupaiiiehaivanlparupottare 

0 1 I 

. prathamepraptariikiriipraptamaparejane ^ ^ j 


. prathamepraptariikimpraptamapavejane i J i I 

• bhajaAohitva | tatrottara 1 | 1 | yutarii j 2 | . j 8 3 

. . 9 | . esha <f>p . . sh 

(a) | dri 329 |l karanarh | uttaiv? bhajya . . 

. 27 1 81 | 1 j 

J tatrottararasmamyoga 87 

i I 

eshadhanadrishya^odhanlyajata 24$ 

. . jata | purusha || l | 9 | 27 |81 | yoga 121 ane . 

. . jata I 2 I eshadvauprathamasyadhanam || 2 | 6 | 18 | 54 | 16# 


2 

15 

48 

1 147 

444 

esham 

1 

2 

! 2 

! 2 

l _! 2 



® ii 


|| uda || . . 

|| . . sy . . yoga 111 sesha <£purushabhaji . . . 

yltd | 57 | bhajita 1 80 


tPTwo leaves. 

* The left portion or (b) is not homogeneous. There are also three other small scraps that are possibly out of place. 

u 2 


51v. ] 
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[ 52r. ] 


a 


. na 57 tfsedamjatam 3 anenachah'm6agu$ayamjata 12 . 
. . si>avam6urai.uim || pratyayatraira&kena 

|| uda || d hanas vamardhosam 6oddhya 

chaturlyakaiii | tatseshapariichamobhagote 


1 vam 

120 

1 


1 

1 

10 




1 


1 vam 

120 

1 

1 . 

1 

1 

8 

1 

1 vam 

120 

1 

30 a 

1 

1 

4 



Satadvayam | a&tyadMkaihdhanamchaivakiihadyamprathamamdlianariL | 


0 52v * 3 . . u 


200 || asyadvayanamsatanampado 

dAi&amSatambhavati 150 atrapipamchabhaga 30 || evam . 

phapiiiidu 280 || pamchamljatlkaranamkfi 


\ 1 

\2 


pi 280 || 


1 

4 

1 


\ 


+ 

+ 


am^ayuti 


28 

bhaktam 

40 

40 


28 


400 eshaphalambhavati || 


dhanu 280 


[ 53r. jj V • ta 

narh 


1 yo 1 di 

1 

2 1 


1 . . . 


syai . 
sarvagatl | yojana 


vi^eshamtu | tatragati [ 3 2 

2 1 


Li. i 


a 


viSesham 

1 

vibhaktam 

2 


2 


1 

nenagu^aye 

| 18 | anena 

% 


gata | bAavishyati || pratyayatrairaSikena 
yo 27 pugata&ina, 6 a . oyojana 0 


1 di 
1 


ya 


1 

1 


1 

1 


di 


2 yo 

1 


di . phalamyojana 


1 


pha 

12 


6 
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. . y . 2 . [53v,l 



18 yojana 

1 

20 dina 

20 ghatike 

35 ghadina 

| phalariiyo 25 

'' 2 

1 

i 

3 

26 yo 

20 . . 

20 ghatike 

phayo 36 

7 

i 

* — 


55 ghatikedina j 



kamsya 


(a)*. . . . ksh 
yasya || . . 


. y . . xk . . y . . ksh . ri 
yadhanam j dAanateyata | tayoryogaviyo 


kfitarhrashayah 
. bhajyahi 


2 

1 

2 , 

9 , 

1 

1 

i + 

1+ 

1 

2 

4 

8 

1 

1 

1 

1 


d T i 82 
tveti | 


1 

2 

4 

• 

1 

1 

1 

1 


[ 54r. ] 


tatra uttarara . i 


(b) 


sutram jatam 


uttaramrinarh j atam 
76 eshaprathamasya 


(a) . . . dvigu$amchat|iwnachatritlyasyadhanambhavet tryuna 
. | . samyutam | ekavimshati&Ai xbritodmaraittara . , 
ayatudams5pjithagtfadah || karaijam || yasyapadaranajfiSyate 
. . . . ya i || etadprath am asy adh an am | 


(b) • 


4 

1 

2 


et 


chadattavan hasta 


rvesham || 0 || 2 || S+ || 


f 54v. ) 


•Besides (a) and (b) there are eight small scraps ; and (b) appears to consist of two unrelated pieces stuck together. 
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| 55r ] 


# 

va 6 


l! 


3 


u . . fik 
to 1 


jjaradvidhana 
. . vimsatipa 


ra 


1 

1 


1 

60 


ya 


dha 

am 

ra 


12 

1 
4 

1 1 
1 


pha va 6 
gupitam 


6e 


bha 


to 1 


4 j 

va 8 

1 


ya 1 3 bha 

1 



1 : 

3 


si 1 
ka 1 


pa 


5 

2 

1 

2 

2 

1 

2 


a 1 


bha 

bha 


i'= 


7227 

1200 


9 

10 


asya 


atha^addrainmako 
kaidraraam &a 


lahataidhanaka | asyaivaska 


1 

1 


1 

192 


to 1 dha 1 1 am 

1 1 12 


si 


1 

1 


1 

480 


ka 


[56V.] kasyaya . . . 

pam | 10 | ch&txmtetam | divardhatolamkasyadivardhamamhkasyadi 
txlha«?aij<Jikadivardhayavasyakiiiimulyam | nyasa || 


to 

1 

35 

3 

t 


1 

t.Q 1 


35 


1 


1 


m 

58 


ft 

• 

1 


1 
1 
2 

1 1 
1 6 
2 

1 1 
1 2 
2 

1 1 
1 2 
2 


to 



| phadram 88 

6e 

31 

ma 




128 


1 1 

1 1 

1 1 


l 1 1 

12 1 

48 1 

. rh 

2 2 

2 


2 

ya 

! 6e 

31 

128 

tathS . 

• • • • 


puna nyarii 


1 

192 




m 
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• • 7 • i i • . SO j . . . aU tastat . 

21 I 

kfityunanSeshachckhedodvi ! samgiu.uuii | tadvarga . data 

shthak hpiti^uddhikfitikskayah || 6eskachchhedodvisamgui)akii 

21 21 fcka seshaiiipanya 

20 400 dala 1 samslishthab 20 

21 441 2 21 + tvabhaji . . 

dhamupare uparamgupitavyaiiivargariiyavarjaye 

iii | 4 2 5 0 4 2 | 400 Sesham 4246 


[ 50r. ] 


. 880 

964 ; 

guQitajatam 

848320 | 

chatvarin^a 

84 

168 1 

14112 



1 

pfithaksthanaihva 

1 

rgam j 


sha uparapatyaSesharii ; 846720 vartyajataih | 60 

ii L_.ll 


•Hi? lower half of this page is blank 


i 11833 | 

hji 

kritam : e^amulam || tan mulam 

. . nmularr.ekam 1 eshasadjisepatitajata 9985 i 

1848 | 

. . sambhaktam uttaramdviguijam 2 anenabha i 

. 9985 eshapamchakasyapadam || || asyapratya 

• sfitram || ekonara&dvidhasthiipya iipase . . 


5 1848 

8 

kyitikshya 
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£ 57 v. ]»••••£•**■ 
shtottaraghneguijdte 40 dvighnamadicha ya 


. . nikshipya 41 | inulam 

4uddhab tasraat akyite^lishtha 



6eshachchhedodvi samgupi 
kptyunaieshachchhedo dvi 


. dalasam^lishthahpti^iiddhikptikshayati akpte61ishtha 


dadvisaraguijakfita 6 ta dvarga 6 

5 * 5 25 dala 

12 * 14 12 144 


[68r. ] uda || 6advim6a6chatppamchaia ekonatrimsevacha | dvaia 
6hadvim6achatu6chatvalim6asaptati | chatushshashtinaua . 

. . . . m^anamtaram | tpra^Iti ekaviinSa ashta . . 

_ . . . pakam |* 

.... 2053296226447064994 . . . 88218 


[ $5v.\] . , ......... sthapanamkjiyate 

shya 1 I yuvl 1 sudha 1 dpshya 20 ja 

1 i 1 1 

. * i ^ 

<Jo mam i mariida i mamde 2 


tadattajataihmada 2 | ya 5 | su dhe 
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. . « || uda || korasipamchayuta . u . . sa ra6issapta . [ 59r. ] 

muladakosoraiiritiprashijab 0 5 yumu 0 sa 0 7 + mu 0 

11 1 11 
$am | yutahlnamchamekatvam | 12 ta 

lam | 6 | dvihrlgam | 4 | dalam j vargarii 4 j hlneyutimchakartavya 

e§asarasi || asyapratyanayane . 

11 7+ mu 2 pamchaiamasutrarh 60 

1 1 1 

|| sutram gavamvisesha kartavyam dhanariichaivapuna . . 

•The left-hand page of this leaf iB blank. 



rU [ 60 r.] 

. . ekonavimSatima gavi 10 rupa 8 

1 1 

. . yivaritasti || _J 

. . chaiamasutyam 51 || sutram || ayavyayaviSeshatuvibha 

, . dn'shyasamgu — •••— riam | yallabdhamsabhavetkalamayamprashije 

. ya.vidhi || uda * || dvidine arjayepamchatyidinenavabhakshaye 

. dijL^agaramtasyatriniakimkalamarjabhaksha^aih dl 5 dlnara 8 1 dji 

. . nam | ayavyavavi6eshantu | tatrayam 5 di 2 dina 3 1 $0 

e . m 2 T . . . 



x 
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[ 60 v. ] 

dvipamchasamasutrani 52 

|| sutram ahadravya — hara6autatadvi£eshamvi 
yallabdha | dvigupariika laiiidattasamadhanaprati || uda 

. . dine arjayepariichabhyitakomekapauglitab dvitiyampamcha . 

. twsetwsamarjayatebudhab prathamenadvitlyasyasaptadatta . i 
. . tab datvasamadhanajatakenakalenakatthyatani 5 rd || 6 
m . . m . au 



[ 61r. ] . . anenakdleiiasamadh&n&bh&v&nti || pv&tyaya mtraird, H k . kn . . 

, 5 30 pha 50 I prathamedvitlyasyassaptadatta | 1 7 | 6esham 43 J 

. 1 l__l J 

.6 30 36 | 45 | 43 | etesamadhanajata || uda || 

. japutrodvayokechinfipatissevyasantivaib mekasyahiiedvayasksk . . 

ga | ta«uipn^Tjpnisnii^iApnu9uinq.pyjd | rauquqpjUAipelse^iAp 
. ttayan kenakalenasamataihgapayitvavada^ume || 



dattaiii 10 

1 

i 


karaijaih || ahadravyaviSeshaihcha | tatfrd 

. . 2 | 3 | pha . . 


( 6lv. ] 


3 30 


rdattajata | 55 | ^ 2 j pha 45 55 

sutrarntripamchasamab sutram 

yenakrayam bhajyamrupahlnarhpunarbhajet — < 

gunaji etatranlvibhavatitatracha || uda || dvibhi 

ptaviknnatitribhishshat ashtada^abhavedlabha x^a . . . 


pha 65 prathamenadvitiyas . 

pha 45 55 || samadhanaja . 

sutram 53 || 

J 

-•••- la . e . 


x kriuati . „ 


. kattHyatam || 


7 1 

e 

is labha 

3 1 

« 

l 


karauam | vi . 
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. . g\i7}itam i&tam nlvijata | syaprafo/a . . . 

. na || yadidvibhissaptalabhyate | tadachaturviiiiSatibhixkim 2 7 

I 1 1 

lamrtt 84 || asyavikrayamkjiyate | yadishshadbhitraya 

. #dlabhy atetadachaturaSitibhi x kim 


6 

1 


3 

1 


84 pkalaiii 42 || 


wwlam 24 | patyaSesham 18 esalabhab ohaupaiiichasamasutram 54 

wkrayambhajayechaivaguflayetkrayapii;i<jlataiii | ru — •••— 

. mulagu^ayelabdhalabhaiiichaprapyate || uda 
. 6AikrI^atiyassaptavikriijatitribhishshat mulacha . . 

II 7 6 


2 

7 

24 

pha 84 

1 

1 

1 

1 


athavikrayarh 


6 

1 


3 

1 


84 

1 


pha 4 


. 24 | patyasesham 18 | eshalabharii || pamchapamchasamasutram 

vikrayambhajayechaivaguijayetkrayapindavat xibhahtam 
sachakartavyamgunayemiSrakambudhah yallabdhamsabhavenmii 
. Seshamlabhapipdatam || uda || tyibhiSchalabhaterashtaucha . 

m/erayamshshat samulalabhamutpaiiiiaSatamSashthivirniSi-itam | him 
fcmkaSchalabhamchakathayedganakottamah 
. . . krayambhajayechaivagunayet 


8 ! 

6 

miSra 160 i 

3 | 

1 

4 

1 1 

1 


6 

4 

_lj 

1 


j phalam j mulam I 90 ! patyasesham j 7* 


. chasamasutram 56 || v ikray amcha vibh akta vy amgu pit amkra 

. Si vat kjitvarupakshayamchaivavibhaktamraulama 

. yftt || uda || *f* paihchabhischatuvargamtugrihltamkenamanavt’ 

. kenashshat vikritamshshatptaiiichaSapnariikj'itarh | krayavikrayasam 


. uvanlvistasyaivakatthyataih , 16 


« . . bhajayechniva 


1 

6 


6 

1 


rinam 56 + 

1 


x 2 


[62r.] 


[ 02v. ] 


[ 63r. ] 
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] 63v. ] 


[ 64r. ] 


[ 64v. ] 


... 84 

mulam ; 120 


pundsyavikv&ya. j 


6 

1 


1 

1 


384 


pfidlam 


chatushshaskti . patya6eskarii j 56 I e6ari£ariikji 

1 _ i | I 

ptapaiiicka^amasutraiii 57 j| vastra^ulkamyadbhavatita 
Arztavastrataiii I trai I . ra3ikavidkanena6ulka . 
yatatvatab || uda || *f* patasya£ulkavim6an6amka . i 

. triUat&m | patakanampapakritedvaupatauhrita^au . i 

panada^astathah kimmulyarn 


. . 5 2 8 0 

. 8 7 2 4 

. . 5 2 8 0 

5 8 7 2 4 

2 7 9 9 4 5 

2 9 9 9 


4 4 4 0 0 4 
3 8 7 2 4 


4 4 4 0 0 4 

7 7 4 4 8 

9 4 112 0 

0 9 6 3 5 2 


tayardke . tus . . . 

ardhamkartavyarii . ta 

saiiigunyajatarii | a . 

krarahareshugun . . . 

asya urdkamka . . 

shashardham . . . 


1 6 0 0 0 0 + | 


skackckkedodvisamgunarii 


aiisasvaihSam 


77 

12 


tanmula 


6 

5 

12 


0 

1 


dvigupottarasambkaktam 


65 

24 


. nayanarii 

R 1 

u 1“ 

pa 65 


1 1 

1 

24 


6eskapamckakaiiipritkak . 

varjitam | tanmulam 1 

eskapadam || 

rilpona 41 . . . 

54 ... . 


b dalita I 41 | adisamy 
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etatk ala 


. 1 . 

<# 

T 


6A«Vmanu8hya a lagyantib 

|| aparaprashflab yadyekapuruskasyadrammashshat 
bhirdinaijlvaloka | tatkaryamprastu^d . ssaptatmam . 

. . ^mpakarakshakanamdrammaishshaqtohikatidinajlvalokamMai? 

. . karaflam | adautavayadyekapurushasyadrammashshat trin6a . 


jlvya | tatsaptatlnamkim 

1 pudram 6 1 

30 di | 

70 pu 

, 

1 1 


1 


didrammanamtrlni^atasard^a sa 


m 


m 


chyate 


• ♦ 

1 a 1 

• ••••• 

u . . . 8 . 

9 1 



u 

karanam 


shthottaraghnegaijite | ashtbaghanaiii | 480 | uttaragha?ia 
. va | dvighnamadi | adidvigupa | 2 | chayojjhitam | clia 
uttararii | ato uttararhpatayitva ekambhavati | 1 | vsudhi 

£ranikshipyadhanasya | 481 | mulaiii^lishthakaranya 


varh&aiii 

yojyam 


882 

40 

42 


6eshariich atva mh sap yi tl) ak sthapy a | 40 | 

l 

tanmulavarjitam || tanmiilaiii 
nottara . am ...8 8 0 . 


21 

40 

42 


922 

42 


yukta&^aga/ia 

ni/ekarghamtupa^iyanamekadvitrichatushshat sa 
mpaijamsa . . ijyanimanayab sthapanamkriyate 


1 1 

dram 1 2 

dram 1 3 

dram 

1 1 

1 1 

1 1 



ijetusa 


dram 1 6 

1 1 




sarn 


1 6 

1 3. 



2 || 6e dram 


[«5r.J 


[ 65v. ] 


[ 66r.] 
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[ o#v. ] . . sikena 1 dram 1 ru 12 dram phalam rupa 1 is 

i ; i i 

. drarii I 2 rupa ' • dram phalamrupa 12 

I 1 1 . 

. dram j 3 rupa 4 dram phalamrupa 12 

I 1 • 

. . . ru . | . 2 dram . . rupa 12 ... . 


• * • 1 

[ 67r. j] ...... 8 8 j jata g 

. . il 16 61 

. . sadp^aiii 12 8 . u . . . 8 8 jata ‘J 

O 

. . sadn6amekasya 16 j yutam 77 jatam 93 1 eshaphalaiiibhavati I . r . . y . 

16 1 16 16 J 

. . . pratyayan 93 1+ 22+ 2+23+ 3+24+ I 4+ . 

16 111 111 | 1 1 1 ! 1 . 

• ;* 

1 || hundikasamanayanasutram || dinabhaktavi6eshamchavi . 

. . . /myatechaivakalameshamvinirdiset traira&kavidhanena . . 

. | . . adattamchapatavyamsukshmedattamchatatsamam || udaharanam j|dvi 
m..e o... dhanam 



[67v. ] • • re 

nam y ksh . . . vUe 

. achchheshamtadvigunaj . td | nirgachchha 

. npr . vi^amanechatvaridattab punadvigupam/dfom . . 

. . SsupyahaStaihgatarritasyakimatumula panasya . . 

. . bha 2 2 2 bha 3 || 3 2 bha 4 4 2 bha 5 ? mil 

. . 1 1 1 1 i 1 1 1 1 1 1 jl 

4 . yutam y . . m . . gupanic^a . ri . . . 
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(a) 

168 

(b) . . de6adv. ... 


4 

1 

patyajataSeskam 21 


ekatram 29 


. . harika . . dram 2 . 

• di y 


[ 68r. )* 


•The reverse of this is blank. 


yojana 


2 

5 


2 

6 


2 

7 


dfishya || afosadriaa 

hakam | uparimam ^amtam^wlabliavanti 
tvalimsa | dunachaura^i . . . tatamktuia | dvichatvarim 
. iii . . rii . . vanti etevrihakasarvattrab sthapanamasya 


. yatraira&kena 
yasyakriyate 


5 a 

1 


2 

1 


m 


210 

1 


pha 


m 


84 


yate || 7 . | a . | m a | pha . 


0 69r ] 


m 


|| uda || 


• e e 


10 


mi v e?mtaduchyatam 

1 

3 

9 

1 30 90 e 

1 

1 j 

1 


• • • • k . tam 105 

tfibkirdattaitriguijatrigunenatu | vi 


drishya ISO j prakshepa 
, — - — : katram 1 


»5n || tam iatam^nMirdatyaiparavaptrapavaptri . 


phalam . . 

chh . . . y . 

4 

6 

9 

3ri 190 

1 


1 

1 



60 90 

ekatraib j 
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f 70r. ] (a) 

(o) 


[70v.] (b) 

(c) 


tola 5 . 


akbhito 


.(b) 


35 

2 


etebhaga 6 


17 


117 

70 


e . 


2 to 0 rlta 7 pala 2 tola 1 

trariipala 6 || || uda || sama 

. . ijdpesikritamc^a | d??achatisra6 . m 

tisrasama^dyatulitanitrayoda^e | 


ekaikasvaSardAaa/t 


1 

2 


1 

3 


1 

4 


. . . ri ri (a) prakshepayuktyaphalam 

guijyaphalarail 

katrampala 8 || || uda || ardhatfi . . 

. . . dao^ariipaiiicha^ashtinfipodadau | sevakanaintud . 


1 1 

1 

1 

drishya 65 

sadfi 

2 i 

3 

[__4 
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SO 
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